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1. ABSTRACT

—

—

—

The Mayak Industrial Association (MIA, also known as the Mayak Production
Association, or MPA) was the first Russian site for the production and separation of plutonium.*
This plant began operation in 1948, and during its early days there were technological failures
that resulted in the release of large amounts of waste into the rather small Techa River. There
were also gaseous releases of radioiodines and other radionuclides during the early days of
operation. In addition, there was an accidental explosion in a waste-storage tank in 1957 that
resulted in a significant release (the Kyshtym explosion). The “Techa River Cohort” has been
studied for several years by scientists from the Urals Research Centre for Radiation Medicine
(URCRM), and an increase in both leukemia and solid tumors has been noted (Kossenko and
Degteva 1994). This cohort is the primary focus of collaborative studies, but other cohorts have
been suggested for study. These include the “East Urals Radioactive Trace” (EURT) Cohort that
was exposed as a result of the Kyshtym explosion and the “Ozersk” Cohort, which consists of
the residents in the town housing the workers and their families who were exposed primarily to
the gaseous emissions during the early days of the operation of the MIA.

This document consists of two separate proposals for dose reconstructions that are to be
undertaken to support sister epidemiologic studies. One is a proposal for a full-scale dose
reconstruction for the Techa River Cohort and the EURT Cohort. Individuals doses would be
reconstructed for approximately 49,500 individuals in these two cohorts over a time period of
four years. This proposal is the result of the first year’s pilot-scale project (Degteva et al. 1996),
and the methodologies for achieving the dose reconstruction have been worked out in detail. The
second proposal is offered as a one-year pilot-scale project for a dose reconstruction for the
Ozersk Cohort. Work on the dose reconstruction for this Cohort was also considered in the first
yearns pilot-scale project, but only in a limited way. At the present time, it is not possible to
specify in detail how the dose reconstruction might be done for the Ozersk Cohort: this is the
purpose of the proposed pilot-scale project.

2. SPECIFIC AIMS

.

Techa River and ERUT Cohorts

The specific aim of this proposed study is to reconstruct external and internal radiation
doses for approximately 49,500 individuals in these two cohorts. The purpose of the dose
reconstruction is
cancers.

Ozersk Cohort

to support companion epidemiologic studies of radiogenic leukemia and solid

The specific aim of this proposed one-year pilot-scale study is to clarifi the possibility of
reconstruction of doses to the Ozersk Cohort (who lived in the community next to the Mayak IA)

“General informationon the releasesis containedin Akleyevand Lyubchansky( 1994).

—
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due to gaseous and aerosol releases over the entire period of its routine operation. This aim can
be achieved by solving the following tasks:

. Clarification of availability and evaluation of information in archival records on the
dynamics of gaseous and aerosol releases from the MIA over the whole period of its
operation.

. Clarification of availability and usefulness of archival records that characterize the
meteorological conditions in the area where the MIA and Ozersk are located.

. Clarification of the availability and usefulness of data that characterize the contamination of
foodstuffs with radionuclides from 1948 through the present time.

. Clarification of the availability and usefulness of demographic and food-consumption data.

. Determination of the main pathways of exposure during different periods of operation.

3. BACKGROUND AND SIGNIFICANCE

Population exposure in the Urals occurred as a result of failures in the technological
processes at the MIA plutonium facility in the 1950’s. Construction of the Mayak facility began
in 1945 and was completed in 1948. Initially this complex consisted of three main parts:
Reactor plant, radiochemical facility, and waste-management facilities (Fig. 1). The major
sources of radioactive contamination were the discharges of 2.7 x 106 Ci of liquid wastes into the
Techa River ( 1949–1 956); an explosion in the radioactive waste-storage facility in 1957 (the so-
called Kyshtym Accident) that formed the East Urals Radioactive Trace (EURT) due to
dispersion of 2 x 10GCi into the atmosphere; and gaseous aerosol releases (about 560,000 Ci of
1~II in total) within the first decades of the facility’s operation (Fig. 1). The significant portion
of activity for the Techa River and EURT consists of long-lived radionuclides, mainly 9%r (Fig.
2 and Table 1). These releases resulted in the long-lived contamination of surrounding territories
(Fig. 3). The predominant radionuclide for operating gaseous aerosol releases was short-lived
1sII that resulted from the processing of nuclear fuel for the extraction of Pu. The maximal
annual rates. which occurred in 1952–1 953, were reconstructed on the basis of technological
records by the Mayak team supervised by Dr. E. Drozhko (Khokhryakov et al. 1992) (Fig. 4).

Table 1. Isotopic composition of waste ejected in the Kyshtym explosion
(according to Dr. G. Romanov et al. 1990).

Radionuclide Isotopic composition, 0/0

89Sr trace

90Sr~0Y 5.4

gsZr/95Nb 24.9 >
6R~i06~ 3.7

lsTCs/lsTrnBa 0.036
144c# I44pr 66
147pm trace
155EU trace
239,240pu trace 1
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Systematic measurements of radioactive contamination in and near the Techa River
started in the summer of 1951. The contamination of the river water, bottom sediments, flood-
plain soils, vegetation, fish, milk, and other food stuffs. and external gamma-exposure rates were
measured. In 1957 the monitoring was expanded to include the area covered by the EURT.
Systematic control of the MIA operating releases and measurements of ]s 1I concentration in
food stuffs started only in 1962. For the town of Ozersk (which was the living place of the
workers at the MIA and which was mostly affected by gaseous aerosol releases) regular
measurements of $%r and ISTCSstarted in 1956, and the monitoring of exposure rates began in
1964. The results of all these measurements are kept in archives at the MIA and the URCRM.
mainly on paper media (maps, working notebooks, technical reports, etc.). Some of them are
still classified.

The population of the contaminated territories was exposed to external and chronic
internal irradiation. Medical checkups of people living in the Techa Riverside communities had
been started by 1951. In addition to medical examinations, individual data on the conditions of
contact with the contaminated river (the distance of the house from the water’s edge. the source
of drinking water, fishing, etc.) were collected. Also, radiometric measurements of bioassay and
autopsy samples were performed. Medical checkups of the population of the most contaminated
area of the EURT were started in autumn 1957. Later, a registry numbering 90,000 subjects in
the accidentally exposed population (the residents of the Techa Riverside communities and the
residents of the area covered by the EURT) was established at the URCRM. All places and
terms of residence inside the contaminated area were collected for the members of this registry
for the purposes of individual-dose reconstruction. Also, extensive measurements of 90Sr
content in teeth were performed beginning in 1960 and in forehead bone beginning in 1976:
whole-body counting for QoSrhas been performed since 1974. Now the main part of this
information is contained in a computerized data base at the URCRM. The registry for the
population exposed as a result of the operational releases at the MIA is not established yet, but
this work has been started at Branch 1 of the Moscow Biophysics Institute (FIB-1). Also, the
results of measurements of $%r and Pu in samples collected at autopsy for the residents of
Ozersk and nearby territories number several thousand and are kept in the archives of the MIA
and the FIB- 1. So, three cohorts of exposed populations can be selected based on the nature of
exposure and according to the history of follow-up and available data. These are the Techa
River Cohort, the EURT Cohort and the Ozersk Cohort (not yet established). Some efforts
addressed to dose reconstruction and risk assessment for the first two cohorts were taken in the
URCRM and the results have been published in the open literature.

Techa River Cohort

The Techa River cohort (TRC) is important, because some of its members have received
relatively high doses and a significantly increased risk of leukemia in this group has been
observed (Kossenko and Degteva 1994). There is some evidence that solid tumors may also be
in excess. The residents of the villages along the Techa were exposed to both external irradiation
(from contaminated river water, sediments, flood-plain soils) and internal irradiation due to
ingestion of radionuclides with drinking water and diet. The original dose-reconstruction
methods for the TRC have been described in detail elsewhere (Degteva et al. 1994).
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The absorbed doses due to external exposure were estimated on the basis of systematic
measurements of gamma-exposure rate along the banks of the river and the typical life-style
patterns of the inhabitants of the riverside villages. This approach has given the average annual
absorbed doses from external sources for different age groups in each village. The data available
do not provide information on the variations in individual-dose levels among the residents of a
village. Instead the average value for specified age groups living in a specified settlement has
been assigned to each member of cohort. Also, it was assumed that the total dose due to external
exposure was accumulated during the period 1950-1955. This approach has a number of
limitations that result in both random and systematic errors in individual-dose estimates.

The main contributor to the internal exposure among the radionuclides released into the
Techa River was g%r, which is accumulated in bone tissues and retained there for many years.
In vivo beta-ray measurements on teeth, which have been performed since 1960, and a large
number of W3r measurements in whole body have been the basis of internal dose reconstruction
(Kozheurov 1994). The reconstruction of internal dose depends on both estimates of the intake
and models for metabolism of ingested radionuclides. Beta-ray measurements on teeth are
utilized to deduce the annual levels of intake of WSr in the different villages in the different age
cohorts. The ingestion of other radionuclides {S%r and lJTCS predominantly) occurred mostly
with water in the first three years of the river contamination. The intake rates of 89Sr and 1S7CS
were therefore derived from estimates of the ingestion of 90Sr scaled in terms of the radionuclide
composition of the river water. These data were used to estimate age-dependent intake rates for
all Techa River villages (Kozheurov and Degteva 1994). Calculation of absorbed doses in
tissues due to radionuclide incorporation is based on age-dependent metabolic and dosimetric
models and the corresponding ingestion rates. A large number of measurements of W3r-body
content made with a whole-body counter (WBC) has been utilized for the validation of the
metabolic model for strontium retention in human bone (Degteva and Kozheurov 1994).
Absorbed doses in red bone marrow (RBM) and bone surfaces (BS) have been calculated for all
age cohorts. The absorbed doses in RBM and BS are substantially higher than those in other
tissues, because of 90Sr was the main radionuclide of interest and strontium is a bone-seeking
element. The upper limit of total doses absorbed in RBM is estimated as about 3 Gy.

EURT Cohort

Initially a sub-cohort of the population evacuated from the most contaminated territories
of the EURT numbering 7,854 people was established at the URCRM (Kostyuchenko and
Krestinina 1994). Average-dose estimates for the residents of different villages were taken from
two independent sources of information (Romanov 1990 et al.; Skryabin et al. 1985), which gave
different assessments. Dose calculations were undertaken on the basis of the levels of
radionuclide contamination of soil (a significant non-uniformity of contamination being noted)
and known isotopic composition of local fall-out. The range of effective doses for this part of
the population was from 40 to 500 mSv. No statistically significant changes in cancer mortality
as compared to the control group have been reported for this sub-cohort (Kostyuchenko and
Krestinina 1994). Analogous results for another sub-cohort of 8,000 non-evacuated EURT
residents who received effective doses from 50 to 66 mSv were reported in 1994 in Ekaterinburg

—
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(Krestinina et al. 1994). The formation of the EURT Cohort is not finished yet, and only
tentative dose assessments have been done.

Ozersk Cohort

The most complete information on methods and on evaluation of uncertainties in
reconstruction of doses from radiation exposure for populations living near nuclear plants is in
the works of American specialists, who carried out work on the reconstruction of doses due to
the operation of the Hanford plants. In Russia attempts have been made to estimate similar
radiation doses due to gaseous and aerosol radioactive releases from the MIA. These attempts
show that the highest levels of radiation exposure might have been in the early years of the
operation of the MIA. The main dose-forming radionuclide at that time was 1~iI (as mentioned
above, it is estimated that about 560,000 Ci were released) entering the body with food.
Subsequently. the improvement of the system of filtration led to considerable improvement of
the radiation situation around the enterprise, including that in Ozersk. However, the
contamination of the territory of the town with the releases of the early years and seconda~
elevation of long-lived radionuclides with the wind remain the main source of man-made
radiation exposure for the population of Ozersk up to now.

4. PRELIMINARY STUDIES

The results of preliminary studies and the databases available to support major dose-
reconstruction efforts are described in detail in Appendix A.

5. RESEARCH DESIGN AND METHODS

All Cohorts

The research design and the methods to be used to support the dose-reconstruction efforts
for these the Techa River, EURT, and Ozersk Cohorts are described in detail in Appendix A.
Material provided in the appendix includes an introduction that describes the releases that have
occurred and the cohorts of interest. The measurements that are available to support a dose
reconstruction are also described. On the basis of the information now available and the
information considered likely to be available over the next few years, a complete strategy is laid
out to derive the required individual estimates of dose for the cohorts of interest. To back up this
strategy a project organization is developed that lays out the individual tasks necessary to
accomplish the work. In every stage of the proposed work the strategy is to make maximum use
of the highest level of information (measurements) available; thus, it is a hybrid approach with
an attempt to minimize modeling in favor of measurements where possible. Finally a master
schedule is laid out for the dose-reconstruction work for each of the three cohorts of interest.
First priority is given to the Techa River Cohort, second priority to the East Urals Radioactive
Trace Cohort, and third priority to the Ozersk Cohort. There is some question whether the
Ozersk Cohort will be included in any further studies, and we have outlined as the first task the
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conduct of an epidemiologic feasibility study. That is, we propose to perform or adopt an initial
approximate calculation of dose in order to determine if the doses are large enough and there is a
sufficient number of exposed people to provide enough power for a useful epidemiologic study.
Also included are a management plan arranged by task and an overall timetable and milestone
chart for the projected dose-reconstruction efforts.

Ozersk Cohort

Plans for the dose-reconstruction effort for the Ozersk Cohort are also included in
— Appendix A.

During the proposed piIot-scaie activity for the Ozersk Cohort it is proposed to work
extensively with the existing archival materials at the MIA in order to catalog them and classi~
them according to their information content and usefulness. During this process it is proposed to
develop statistical methods of processing information and methods of modeling the behavior of
nuclides in the environment of concern to the Ozersk Cohort. This phase of research would
focus on the atmospheric releases of 1s1I.

6. QUALITY ASSURANCE/QUALITY CONTROL

.

One of the first tasks of the project will be to develop a detailed quality assurance/quality
control plan. Such activities have been discussed extensively during the preparation of the
material in Appendix A, but the plan has not yet been developed explicitly. One reason for
including the University of Utah in this proposed study is that much of the actual data planned to
be used to support the dose-reconstruction study relates to electron paramagnetic resonance
analysis of teeth samples and to the thermoluminescence analysis of environmental materials.
Dr. Haskell is recognized as an international expert in this field, and he will be expected to
ensure that all scientists in these studies have participated in international intercalibration
projects.

Another primary aspect of the overall project is the recalibration of the URCR,M whole-
body bremsstrahlung counter, which is another critical component of the study in terms of
providing primary data for the dose-reconstruction study. The development of a new physical
phantom is already part of the funded activities that support this study, and computer phantoms
will also be developed for assistance in the recalibration of this important instrument. (The
instrument was calibrated initially with phantoms made of wax and cadavers, which have long
since deteriorated. )

All databases to be used in the project will subjected to quality-assurance tests and to
standard methods of verification. As is standard practice in Russia, all procedures used in such
important projects are submitted to a special authority on metrology for approval before they can
be officially used.
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Finally, the European Commission and Institutes from Germany and Japan are
participating in various studies that overlap with this project. Most of their planned activities are
rather limited in terms of actually carrying out dose reconstructions. Rather, they focus on
validation and verification of the data that have already been developed by the Russian scientists
working on these projects for many years. Thus, our complete quality assurance/control efforts
will be greatly aided by extensive international intercalibration and validation studies.

7. COLLABORATORS/COLLABORATING INSTITUTIONS
—

The names of the collaborating institutions and the lead scientists are indicated in the
management plan that is included in Appendix A. The only exception is Dr. Edwin Haskell of
the University of Utah. His role in the proposed project is described in Item 6 above.

The Curricula Vitae of the primary participants are included in Appendix B.

8. HUMAN-SUBJECTS CONSIDERATION

The subjects for whom we propose to conduct an individual-dose reconstruction will be
emolled in this study based upon presumptive evidence of their exposure (or lack of exposure for
controls) due to their residence history and other factors. In all cases these cohorts have already
been reasonably well defined by the companion epidemiologic studies.

For purposes of dose reconstruction much of the valuable data has already been collected
by the Russian investigators over many years of work. In addition, persons selected for
individual-dose reconstruction may be invited to return to the URCRM for measurements in the
whole-body counter. Efforts will be made to collect teeth for analysis by electron paramagnetic
resonance, but such collections will be made only if teeth are being removed for purposes of
dental health. Some individuals will probably be asked to provide 5–1 Occ of venous blood that
can be used for biological dosimetry.

Any techniques of measurements undertaken for the subjects that are unique or additional
for this project will be performed under the guidance of appropriate Institutional Review Boards.
Such Boards will be those in the Chelyabinsk Oblast or elsewhere in Russia and those
appropriate for any institution in the USA that may receive samples.

Confidentiality of all information will be assured by restricting access to identi@ing
personal information to one institution in Russia. Any information of an individual nature
derived during the course of this project will be made available to the affected individual.

9. ITEMIZED BUDGET

This information is provided in Appendix C.
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The money indicted in Appendix C for the URCRM includes money that would be
transferred to the Institute of Metal Physics for the conduct of electron pararnagnetic resonance
analysis of teeth and/or bone samples for a direct measurement of dose. Additional money will
likely be transferred to the Institute of Marine Transport Hygiene to provide additional assistance
in the development of computer phantoms for the recalibration of the URCRM bremsstrahlung
counter.

In addition to the direct support requested above other resources are anticipated to
contribute to this study. First of all, we anticipate that additional funding will be provided to the
URCRM, the MIA, the Institute of Marine Transport Hygiene, and Branch No. 1 of the Institute
of Biophysics (FIB-1) by the Russian Ministries of Health, Atomic Energy, and Emergency
Situations. We presume that the magnitude of such contributions will be negotiated by the
members of the JCCRER or its Executive Committee during the next few months. The FIB-1
will also receive money from the U.S. side for other projects, and we plan that their staff
members will thus be available for consultation on this project. Also, contributions to this study
will be made by personnel of the Federal Nuclear Center (Chelyabinsk-70) who have a funded
study (from the International Science and Technology Center) with elements that are cIosely
aligned with the study proposed here. Finally, we expect that the U.S. National Cancer Institute
and the Centers for Disease Control and Prevention will contribute a fraction of the time of their
federally employed dosimetrists to work on this project. And, while arrangements are not
finalized, we know that relevant work is being funded or considered for finding by sources in
Japan and in western Europe. In general the work proposed above has not included any work
that we believe has a high probability of being funded by other agencies or countries.

10. PUBLIC INVOLVEMENT

The U.S. Department of Energy. other involved agencies, and other involved persons
have expressed a strong desire to have a well thought out plan for public involvement in the
dose-reconstruction process. While no such plan has yet been explicitly formulated, our

proposal is to join initially with other public-outreach programs in the Chelyabinsk Oblast that
are already in process. The URCRM itself is largely a public-outreach program. as one of its

primary missions is to engage the affected public through special medical care and dose
determination through measurements, such as whole body counting, of the affected population.
In addition, the local representative of the Ministry of Emergency Situations has a public-
outreach program in place, and we anticipate that the magnitude of this program wi 11increase
during this project. Finally, we have proposed that the local government of the Chelyabinsk
Oblast be one of the primary foci of any public-involvement process. Some initial discussions
with the Lieutenant Governor have already been conducted, and it is quite clear that they are
very interested in participating in any public-involvement program. As this project is a

government to government project. we believe that the local government and local
representatives of the involved Ministries must have the primary responsibility for a public-
involvement program. We do not at this time propose any direct involvement of U.S.
participants with non-governmental environmental groups.

—
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It has been made quite clear to us that our Russian partners are very apprehensive of any
attempts of the U.S. side to dictate the terms of public involvement. They have already had
several unfortunate experiences with persons from the U.S. and other countries who have
engaged the public directly.

We hope that this sensitive political issue will be discussed extensively during future
meetings of the JCCRER and its Executive Committee.

A.V.

N.G,

M.O

M.O

M.O

M.O

V.F.
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The following material is taken directly from the Final Report for Pilot-Scale
Project 1.1 (Degteva et al. 1996). The original page numbers have been preserved.

Original page number 40 has been deleted, as it contained a figure pertaining to a
prior section of the Final Report.

FINAL REPORT FOR MILESTONE 1.1.3 “PREPARE A REPORT THAT WILL
INCLUDE THE METHODOLOGY FOR AND AN ASSESSMENT OF THE

FEASIBILITY OF RECONSTRUCTING THE DOSES FOR PERSONS IN THE
COHORT CONSIDERED IN PROJECT 1.2”

1. Introduction

The reconstruction of radiation exposures to people living in the vicinity of the Mayak
facility is potentially very complex. A graphical depiction of the primary sources of release and
the resulting primary ways in which the public was exposed from these releases is shown in
Fig. 13.

During the first decade of operation of the Mayak facility, gaseous and particulate
radionuclides were released to the atmosphere in large quantities. Of potential public concern is
the release of ~~gPu. Elevated levels of plutonium have been measured in the people living
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around the Mayak facility to distances of up to 100 km (Suslova et al. 1995). This plutonium
would have been released through routine ventilation of the processing facility. The main
pathway of exposure to plutonium is inhalation, both during p=sage of the released plumes and
aftemm.rds as a result of resuspension.

In a manner analogous to that at the Hanford Site in the United States (lXP 1994), 1311
was also released to the atmosphere from routine processing operations (Khokhryakov et al.
1995). Iodine- 131 is a reactive gas that deposits readily on vegetation and can be ingested by
grazing cattle and transferred to milk. Production records and meteorological data are available
for estimating the releases of 1311and plutonium and their subsequent environmental distribution.

Other radionuclides were also emitted into the air during facility operations. Screening
studies indicate that the doses resulting from these releases are relatively small. Documentation of
the magnitudes of these releases will be prepared. It is likely that the primary exposure route for
these other radionuclides will be external exposure.

Non-routine releases of radionuclides to the atmosphere also occurred. A small pond used
to receive contaminated liquids, Lake Karachai, dried around the banks and provided a source for
windblown resuspension during brief @ods when the wind was high. About 600 Ci of longer-
I.ived fission products were released to the air in this manner (Romanov 1995). The main
exposure pathway is external exposute from materials deposited on the ground.

In 1957, a chemical explosion in a high-level waste tank (the so-called Kyshtym Accident)
resulted in the release of about 2 million curies to the atmosphere, primarily l~Ce, 9sZr, 9%b and
%r, deposited in a footprint called the East Urals Radioactive Trace (EURT) covering several
thousand square kilometers. This area was extensively monitored for recovery efforts. Following
tie immediate deposition, the long-term patiways leading to the greatest exposure have been
external irradiation and ingestion of %r (Romanov 1995).

Beween 1949 and 1956, liquid releases from the radiochemical plant and unmonitored
overflow from cooling of the waste ranks resulted in release of about 3 million curies of mixed
fission products to the Techa River, which traverses the Mayak site. Eventually, this resulted in
external and ingestion exposures of 30,000 people living downstream along the river. Because of
the long-term nature of the exposures, the primary radionuclide of concern from ingestion is %r.
Other shorter-lived fission products contributed to the external and internal dose.

Joint collaborations with epidemiologists working in Project 1.2 have identii%xi three
cohorts of people to be studied. In order of priority, these are 1) the people living along the
banks of the Techa River, primarily exposed to the liquid effluents (the Techa River cohort), 2)
the people exposed to the deposition from the East Urals Radioactive Trace (the EURT cohort),
and 3) the residents of the city of Ozersk (Chelyabinsk-65), primarily exposed to the atmospheric
releases of iodine, plutonium, and noble gases from routine Mayak operations (the Ozersk
cohort). An epidemioiogical study of the Ozersk cohort is not yet certain; a pilot study to
determine the possible statistical power of an epidemiology study is fust proposed.
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2. Dose Reconstruction Process

Radiation dose reconstructions are generally structured on a paradigm of release-
transport-deposition-uptakdexposuredose. The initial components are actually the most
technically difficult; the individual dose calculation requires individual-spedlc information that
must be obtained from the individual involved. Radioactive materials released to the environment
generally are transported, deposited, and taken up in plants and animals in ways that are
independent of individwd humans. Individuals are exposed to time-varying “fields” of radiation
and radioactive materials. Therefore, it is possible to reconstruct the time histories of the
radiation fields and radionuclide concentrations without considering the activities of specific
individuals. Once the time histories of the radionuclide fields throughout an area are known, it is
possible to “introduce” the people into them and estimate the human’s uptakes and resultant
doses.

For many of the most sigdlcant exposures considered for these cohorts, historical
information on the proeeses and releases is limited. However, measurements of radionuclides in
speeiflc people @%r in bones or teeth. ete.) are available and may be used to estimate individual
doses and, by implication, the fields to which others were exposed. Therefore, the dose
reconstruction process pkmned is based extensively on measurements of radionuclide burden or
exposure in humans, and the traditional paradigm is only used as a backup when other approaches
have been exhausted. The types of information available are summarized in Table 5. Uses of
each type of information is discussed below. The following discussion is structured on the basis
of the primary cohorts and exposure pathways.

2.1 Techa River Residents - Internal Dose

The internal dose reconstruction approach for Techa River residents is described in
Section 2.1.1. The tasks that derive from this approach are summarized in Section 2.1.2.

2.1.1 Techa Cohort Internal Dose Reconstruction Hierarchy

The hierarchy of information required for calculating internal radiation doses to people
who lived along the Tmha River during and after the largest rdeases is shown in Ilg. 2(I. Internal
dose is related to the time integral of the body burden. Information related to time is readily
accessible through bh-thdates and residence histories. As shown in Table 5, a large number of
individuals have had at least one whole bcdy count; many have had several. These individual
records are the preferred primary data for individual dose reconstruction. A smaller number of
individual autopsy data are available; these are also preferred starting points. The last resort for
estimating body bur&n histories for individuals is via analogy to family members or residents of
the same location - if individual measurements are not available, it is preferable to estimate them
via individual intdce and metabolic models.

A sufficient number of sequential whole body counts for single individuals have been
assembkd so that detaikd models of radionuclide uptake and retention can be prepared. Default
metabolic models from the ICRP may also be employed.
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There were a very large number of potential routes of ingestion of radionuclides. Drinking
water, eating f~h, and eating various contaminated gar&n crops and animal products could all
lead to intake of radionuciides. A technique has been developed based on in-vivo rneumtxnents
of %r in teeth that provides a reliable estimate of direct intake (Kozheurov and Degteva 1994).
For individuals for whom examinations of radionuclide content in teeth have been made, this
technique can be used to calculate ingestion rates of radionuclides. Also, as a backup for those
individuals for whom tooth counts are not available, intake estimates for similar categories of
people may be approximated using this technique. Alternatively, intakes may be approximated
using food consumption rates and radionuclide concentrations in foods.

Consumption rates vary by age, sex, ethnicity, and perhaps by village. An extensive set of
individual lifestyle and dietary questionnaire= were administered to Techa River residenrs. A
separate data set related to sources of drinking water (river or well) is also available in clinic
outpatient records; this information is not yet available in digital form. In the 1970s, dietxy
surveys were made of people living in the EURT areas - this data could provide some default
information if individual dietary preferences are not available. ~ a defauk family or village food
ingestion rates can k compiled.

Historically measured radionuclide concentrations in some selected environmental media
(primarily river water and sediments) are available. However, it is likely that reconstruction of
food contamination levels will be required. This can lx done using extrapolation in a few
instances, but generally concentrations must be calculated from common radioecological transfer
factors and estimated river water concentrations. River water concentration must lx estimated
from released amounts and a river water transport model. The released amounts (source term)
must be estimated from Mayak operating records and process descriptions.

Members of the Techa River cohort were primarily exposed to the effluents in the river,
however, the atmospheric releases also affected this group - particularly those on tie upper Techa
near the Mayak facilities. The doses resulting from these atmospheric releases will be added to
the doses calculated for this cohort according m the techniques described in Section 2.6 for the
Ozersk cohort

2.1.2 Techa River Cohort Internal Dose Activity Descriptions

The foilowing activities are necessary to complete the full dose reconstruction illustrated
in Fig. 20.

Evacuation of Bioassay Data This subtask will evaluate available whole body count
data, excreta count dam and autopsy data. This will provide body burderdktake estimates for
individuals for whom measurements exist_ This task will also assemble a database of whole body
count derived body burdens for each family or village to be used as surrogates in case orher
approaches fail for unmeasured individuals.

Metabolic Modeis This subtask will use available sequential whole body count data to
update radionuclide retention functions. This metabolic model would then be used to help
evaluate all whole body counts to provide the integral exposures.
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Tooth Count Analysis This subtask will extend the technique of Kozheurov and Degteva
(1994) for dietq intake evaluation based on in vivo measurements of %r in teeth beyond the
village of Muslymovo, where it was developed, to other sites along the Techa River.

Establish Food Consumption Rates This subtask will develop individual dietary intakes
of various foods and water as functions of age, sex, ethnicity, and location. The efforts will use
individual dietary information, results of local surveys, and information on the sources of drinking
water.

Analysis of Historical and Current Monitoring Data This subtask will compile and
evaluate available data on radionuclide concentrations in water, sediment, soil, and food. This
information will serve as input to the radioecology and river transport subtasks.

Radioecology This subtadc will review available data to determine the most appropriate
transfer factors for radionuclides in fish, milk, and food crops. Sources of data may include site-
specific measurements as well as generic sources such as the International Union of
Radioecologists. This information will be used to develop estimates of radionuclide content in
food crops.

Techa River Source Term Development This subtask will prepare estimates of the time
history of radionuclide rdease to the Techa River. This will require review of historical Mayak
documents regarding facility operating histories, technological processes involved, and any
available measurements of releases. This task will develop estimated release fractions and prepare
release estimates for use in transport modeling. This task may invoive review of currently
classified documents. Provisions wiil be made to declassify key documents supporting the cdease
estimates. It is anticipated that staff from the Mayak Industrial Association will be key
participants in this task.

Techa River Transport Modeling This subtask will accumulate data describing the
historical Techa River hydrologic data, sediment Ioadlng, and dam construction history. This will
be used as input to a numerical transport model to simulate the flow and contaminant loading of
the Techa River from the Mayak facility to its confluence witi the Iset River. The mcdeI will
provide concentrations of radionucIides in water and sediment at specified locations along the
river.

Techa River Cohort Internal Dose Estimation This task will provide management
coordination and integration for the other subtasks involved with the Techa cohofi. This task will
assimilate the data and information prepared by the other tasks and make individual internal dose
estimates based on the priority of the data hierarchy. This task will also collect a database of
completed results to use as potential surrogates for use in estimating individual doses by analogy
as a last resort This task will also lead the evaluation of uncertainty in the individual dose
estimates and use the collected information to attempt to validate the more numerically-intensive
techniques against those with better measurements.
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2.2 Techa River Residents - External Dose

The external dose reconstruction approach for Techa River residents is described in
Section 2.2.1. The tasks that derive from this approach are summarized in Section 2.2.2.

2.2.1 Techa Cohort External Dase Recomtruction Hierarchy

The hierarchy of information requhed for calculating external radiation doses to ~ople
who lived along the Techa River during and after the largest releases is shown in Fig. 21.
Measurements of tooth samples made with Electron Paramagnetic Resonance techniques have
been shown to give very reliable and accurate indications of absorbed dose. This would be the
highest priority technique for determining external exposure; however, from Table 5, it is apparent
that very few individuals have been measured to date. A continuation of these studies is
proposed. In addition, there is interest to evaluate whether biodosimetric techniques (e.g.,
fluorescent in-situ hybridization, T-Cell receptor, and others) can provide reliable estimates of
external dose. Studies to date on these techniques have been inconclusive (Akleyev 1995), and
pilot effon.s to continue the research are proposed because the potential return on the investment
is very high.

External dose is related to the time integral of the dose rate field to which individuals were
exposed. Information related to time is readily accessible through birthdates and residence
histories.

Some historical measurements of radiation dose rate were made in the vicinity of the
Techa River. Most of these were made after the period of greatest release. Cument
environmental measurements can provide information about recent exposures; however, they lack
any details of the contribution of short-lived radionuclides. A promising source of external dose
rate data is the use of environmental thermoluminescent materials. This technique has been
shown to be effective (Bougrov 1995), but as is indicated in Table 5, its use to date has been
limited. Thus, it will be necessary to also approach the problem by investigating classical
radiation shielding calculations.

HistoricaUy measured radionuckie concentrations in some selected environmental media
(primarily river water and sediments) are available. However, it is likely that reconstruction of
contamination levels will be required. This can be done using extrapolation in a few instances, but
generally, concentrations must be calculated from released amounts and a river water transport
model. The rekased amounts (source term) must be estimated from Mayak operating records and
process descriptions.

Memlxrs of the Techa River cohort were primarily exposed to the effluents in the river,
however, the atmospheric releases also effected this group - pticularly those on the upper Techa
near the Mayak facilities. The doses resulting from these atmospheric releases will be added to
the doses calculated for this cohort according to the techniques described in Section 2.5 for the
Ozersk cohofi



-50-
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2.2.2 Teeha River Cohort External Dose Activity Descriptions

The following activities are necessary to complete the dose reconstruction process
illustrated inFtg.21.

Electron Pararnagnetic Resonance (EPR) This subtask will perform additional
measurements as tooth samples become available through routine dental work and postmortems
(no active recruitment of samples from exposed individuals is planned). These mewwrements will
be used as the basis for external dose for the affected individuals and also placed into a database
from which statistical regressions based on age and residence can be made to provide a source of
analog information for persons without direct measurements. It is anticipated that this subtask
would be performed by staff of the Metal Physics Institute in Ekaterinbourg. Procurement of an
EPR spectrometer will simplify and greatly increase the number of samples that could be analyzed
annually.

Environmentrd Thermoluminescent Dosimetry (lID) This subtask will perform
additional measurements in environmental samples collected at predetermined locations along the
Techa River. A detailed sampling plan will be developed to optimize the number of samples
required. The dose rates evaluated wiIl be used to prepare a regression of dose rate for various
distances away from the river at locations downstream of the release point. This will also serve to
validate the radiation transport and shielding calculations.

Biodosimetry Pilot Study A feasibility study will be undertaken to evaluate the accuracy
and reliability of measurements made with a suite of biodosimetic techniques, including
fluorescent in-situ hybridization, T-cell receptor, and other techniques. If any of the techniques
compare well with measurements made by other methods (EPR, etc.), further requests will be
made to the JCCRER Executive Committee to incorporate the techniques into the ongoing dose
reconstruction efforts.

Analysis of Historical and Current Monitoring Data This subt.ask will compile and
evaluate available data on radionuclide concentrations in water and sediment. This information
will serve as input to the river transport and radiation transpord shielding subtasks.

Teeha River Source Term Development This subtask will prepare estimates of the time
history of radionuclide release to the Techa River. This will require review of historical Mayak
documents regarding facility operating histories, technological processes involved, and any
availabIe measuremems of releases. This task will develop estimated release fractions and prepare
zdease estimates for use in transport modeling. This task may involve teview of curnmly
classified documents. Provisions will be made to declassify key documents supporting the release
est.imares. It is anticipated that staff from the Mayak Industrial Association wiII be key
participants in this task.

Teeha River Transport Modeling This subtask will accumulate data describing the
historical Techa River hydrologic data, sediment loading, and darn construction history. This will
be used as input to a numerical transport model to simulate the flow and contaminant loading of
the Techa River from the Mayak facility to its confluence with the Iset River. The model will
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provide concentrations of mdionucfides in water and sediment at specifkd locations along the
river.

Radiation Transport/StiieIding Calcdatiom This subtask will extend available
measurements (from TLD and conventional sources) to provide dose rates as a function of
location away from the Techa River. Inputs to the modeling will generally come from the Techa
River source term and transport modeling activities.

Techa River Cohort External Dose Estimation This task will provide management
coordination and integration for the other subtasks involved with the Techa cohort. This task will
assimilate the data and information prepared by the other tasks and make individual external dose
estimates based on the priority of the data hierarchy. This task will also collect a datab= of
completed results to use as potential surrogates for use in estimating individual doses by analogy
as a last resort, This task will also lead the evaluation of uncertainty in the individual dose
estimates and use the collected information to attempt to validate the more numerically-intensive
techniques against those with better measurements.

2.3 East Urals Radioactive Trace (EURT)-Extemal Dose

The external dose reconstruction approach for residents exposed to the deposition forming
the East Urals Radioactive Trace (EURT; also known as the “Kyshtym explosion”) is described in
Section 2.3.1. The tasks that detive from this approach are summarized in Section 2.3.2.

2.3.1 EURT External Dose Reconstruction Hierarchy

Residents of tie ama impacted by the EURT deposition maybe divided into two groups
(see Table 5) - those evacuated within the first days immediately following the release and those
who were not evacuated. The general approach to external dose reconstruction is the same for
both groups.

The hiem.rchy of information required for calculating external radiation doses to people
who lived in the area effected by the EURT release is shown in Fig. 22. Measurements of tooth
samples made with Electron Paramagnet.ic Resonance techniques have been shown to give very
reliable and accurate indications of absorbed dose. This would be the highest priority technique
for determining external exposure; however, from Table 5 it is apparent hat vexy few individuals
have been measured to date. A continuation of these studies is proposed. In addition, there is
interest to evaluate whether biodosimetric techniques (e.g., fluorescent in-situ hybridization, T-Cell
receptor, and others) can provide reliable estimates of external dose. Studies to date on these
techniques have been inconclusive (Akleyev 1995), and pilot effom to continue the research are
proposed because the potential return on the invesment is very high.

External dose is related to the time integral of the dose rate field to which individuals were
exposed. Information related to time is readily accessible through birthrates and residence
histories.
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Fi~ure 22. Information Hierarchy for Estimating External Dose to EURT
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Many historical measurements of radiation dose rate were made in the affected area
immediately after the release and for many years afterward. These will provide the bulk of tie
necessary information. An additional promising source of external dose rate data is the use of
environmental thennoluminesce nt materials. This technique has been shown to be effective
(Bougrov 1995), but as is indicated in Table 5, it has not been used within the EURT zone. Some
supporting information will also be provided by investigating classical radiation shielding
calculations.

Historically measured radionuclide concentrations in many environmental media (including
regional soils) are available. Curves of dose rate as a function of time are available for many
villages, as are some radiation spectm However, it is likely that reconstruction of contamination
levels of some short-Iived radionucli&s will be mquiml. This can be done using extrapolation in
a few instances, but generally concentrations must be calculated from released amounts and the
initial deposition pattern. The released amounts (source ttmm) must be estimated from Mayak
operating records and process descriptions. A parallel project at the Federal Nuclear Center in
Snezhinsk (Chelyabinsk-70), managed by Dr. Evelina Kuropatenko, has a task to reconstruct the
radionuclide release spectrum. Efforts will be coordinated with this group.

2.3.2 EURT Cohort External Dose Activity Descriptions

The following activities are necessary to complete the dose reconstruction process
illustrated in Fig. 22.

Electron Paramagnetic Resonance (EPR) This subtask will perform additional
measurements as tooth samples become available through routine dental work and postmortems
(no active recruitment of samples from exposed individuals is planned). These measurements will
be used as the basis for external dose for the affected individuals and also placed into a database
from which statistical regressions based on age and residence can k made to provide a source of
analog information for persons without direct measurements. It is anticipated that this subdc
would be performed by staff of the Metal Physics Institute in Ekaterirdmurg. Procurement of an
EPR spectrometer will simplify and greatly increase the number of samples that could be analyzed
annually.

Environmental Thermohnnkscent Do&netry (TLD) This subtask will perform initial
measurements in environmental samples collected at pra.determined locations within the EURT.
A detailed sampling plan will be developed to opd.rnix the number of samples required. The dose
rates evaluated will be used to prepare a regression of dose rate for wious locations. This will
also sene to validate the radiation transport and shielding calculations.

Biodosimetry Pilot Study A feasibility study will be undertaken to evaluate the accuracy
and n4iability of measurements made with a suite of biodosimetric techniques, including
fluorescent in-situ hybridization, T-cell ~ceptor, and other techniques. If any of the techniques
compare well with measurements made by other methods (EPR, etc.), further quests will be
made to the JCCRER Executive Committee to incorporate the techniques into the ongoing dose
reconstruction efforts.
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Analysis of Historical and Current Monitoring Data This subtask will compile and
evaluate available data on radionuclide concentrations in soils and associated dose rates. This
information will serve as input to the individual dose calculations.

EURT Source Term Development This activity wiIl prepare estimates of the
radionuclide release to the air. This will require review of historical Mayak documents regarding
facility operating histories, technological processes involved, and any available measurements of
releases. This task may involve review of currentiy classified documents. Provisions will be made
to declassify key documents supporting the release estimates. It is anticipated that staff from the
Mayak Industrial Association will be key participants in this task, but that most effons will be
done by the staff of the Federal Nuclear Center in Snezhinsk

EURT Cohort External Dose Estimation This task will provide management
coordination and integration for the other subtasks involved with the EURT cohofi This task
will assimilate the data and information prepared by the other tasks and make individual external
dose estimates based on the priority of the data hierarchy. This task will ako collect a database of
completed results to use as potential surrogates for use in estimating individual doses by analogy
as a last msom This task will also lead the evaluation of uncertainty in the individual dose
estimates and use the collected information to attempt to validate the more numerically-intensive
techniques against those with better measurements.

2.4 East Urals Radioactive Trace (EURT)- Internal Dose

The internal dose reconstruction approach for residents exposed to the deposition forming
the East Urals Radioactive Trace (EURT; also known as the “Kyshtym explosion”) is described in
Section 2.4.1. The tasks that derive from this approach are summarized in Section 2.4.2.

2.4.1 EURT Internal Dose Reconstruction Hierarchy

Residents of the area impacted by the EURT deposition may be divided into two groups
(see Table 5>those evacuated within the first days immediately following the reIease and those
who were not evacuated. The general approach to internal dose reconstmction is generally used
only for those who were not evacuated or who were only evacuated after a substantial time lapse.

The hieramhy of information required for calculating internal radiation doses to people
who lived in the area impacted by the EURT release is shown in Fig. 23. Internal dose is related
to the time integral of the body burden. Information dated to time is readily accessible through
birthdates and residence histories. As shown in Table 5, relatively few individuals have had whole
body counts. These individual records are the preferred primary data for individual dose
~construction, but wilI not support the bulk of the dose estimates for this cohofi A smaller
number of individual autopsy data are available; these are also preferred starting points. The last
resort for estimating body burden histories for individuals is via analogy to family members or
residents of the same location - if individual measurements are not available, it is preferable to
estimate them via individual intake and metabolic models.
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I.n.formation Hierarchy for Estimating Internal Dose to
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There were a very large number of potential routes of ingestion of radionuclides.
various contaminated garden and field crops and animal products could all lead to intake

Eating
of

radionuclides. Consumption rates vary by-age, sex, ethnic group, and perhaps by village. An
extensive set of dietary questionnaires were administered to EURT residents in the 1970s. As a
defaul~ family or village food ingestion rates can be compiled.

Historically measured mdionuclide concentrations in many selected environmental media
(soil, crops, and animal products) are available. For many villages, there are time histories of the
radionuclide concentration in multiple foods. These have been normalized into curves of
concentration versus time for a unit initial deposition. These curves will provide the basic input
for most individual dose reconstructions.

It is unlikely that reconstruction of food contamination levels will be required. This can be
done using extrapolation in most instances. Concentrations could also be calculated from
common radioecological transfer factors and estimated initial deposition. The released amounts
(source term) must be estimated from Mayak operating records and process descriptions. This
type of work is being undertaken by a parallel project at the Federal Nuclear Center in Snezhinsk
(Chelyabinsk-70), managed by Dr. Evelina Kuropatenko, with a task to reconstruct the
radionuclide release spectrum. Efforts will be coordinated with this group.

2.4.2 Techa River Cohort Internal Dose Activity Descriptions

in Fig.
The following activities are necessary to complete the full dose mconst.mction illustrated
23.

Evaluation of Bioassay Data This subtask will evaluate available whole body count data
and autopsy data. This will provide body burderdintake estimates for individuals for whom
measurement exist. This task will also assemble a database of whole body count derived body
burdens for each family or village to be used as surrogates in case other approaches fail for
unmeasured individuals.

Establish Food Consumption Rates This subtask will develop individual dietary intakes
of various foods as functions of age, sex, ethnicity, and location. The efforts will use individual
dietary information, and results of local surveys.

Analysis of Historical and Current Monitoring Data This subtask will compile and
evaluate avadable data on radionuclide concentrations in soil and food. Curves of radionuclide
content in foods versus time for a unit deposition will be verified andlor developed. This
information will serve as the basis for most individual ingestion reconstruction.

EURT Source Term Development This activity will prepare estimates of the
radionuciide release to the air. This will require review of historical Mayak documents regarding
facility operating histories, technological processes involved, and any available mmwrements of
releases. This task may invoive review of currently classified document-s. Provisions will be made
to declassify key documents supporting the release estimates. It is anticipated that staff from the
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Mayak Industrial Association will be key participants in this task, but that most effon.s will be
done by the staff of the Federal Nuclear Center in Snezhin&.

EURT Cohort Internal Dose Estimation This task will provide management
coordination and integration for the other subtasks involved with the Techa cohoti This task will
assimilate the data and information prepared by the other tasks and make individual internal dose
estimates based on the priority of the data hierarchy. This task will also collect a database of
completed results to use as potential surrogates for use in estimating individual doses by analogy
as a last resorL This task will also lead the evaluation of uncertainty in the individual dose
estimates and use the collected information to attempt to validate the more numerically-intensive
techniques against those with better measurements.

2.5 Ozemk Residents-External Dose

Use of the Ozersk cohort in an epidemiological study is not yet certain. A pilot study is
first suggested to determine if there is sufficient statistical power to resolve health effects in the
exposed population. However, because otier residents near the Mayak facility were impacted by
the gaseous and aerosoI releases from the facility, most of the following activities will be required
to complete the dose estimation for the Techa (and possibly EURT) cohorts.

The external dose reconstruction approach for residents of the ci~ of Ozersk
(Chelyabinsk-65) is described in Section 2.5.1. The tasks that derive from this approach are
summarized in Section 2.5.2.

2.5.1 Ozersk Cohort External Dose Reconstruction Hierarchy

The hierarchy of information required for calculating external radiation doses to people
who lived in Ozersk during the releases is shown in Fig. 24. Measurements of tooth samples made
with Electron Paramagnetic Resonance techniques have been shown to give very reliable and
accurate indications of absorbed dose. This would be the highest priority technique for
determining external exposure; however, from Table 5 it is apparent that few individuals have
been measured to date. Initiation of studies of this type is proposed. In addition, there is interest
to evaluate whether biodosimetric techniques (e.g., fluorescent in-situ hybridization, T-Cell
teceptor, and others) can provide reliable estimates of external dose. Studies to date on these
techniques have been inconclusive (AJdeyev 1995), and pilot efforts to continue the research are
proposed because the potential return on the investment is very high.

External dose is related to the time integral of the dose rate field to which individuals were
exposed. Information related to time is readily accessible through birthrates and residence
histories.

Some historical measurements of radiation dose rate were made in the vicinity of Ozersk.
Most of these were made beginning in 1964, after the period of greatest release. Current
environmental measurements can provide information about recent exposures; however, they lack
any details of the earlier exposures. A promising source of external dose mte data is the use of
environmental thermoluminescent materials. This technique has been shown to be effective
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Fiwe 24. Information Hierarchy for Estimating External Dose
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(Bougrov 1995), but as is indicated in Table 5, to date it has not been used in Ozersk. Thus, it
will be necessary to also approach the problem by investigating classical radiation shielding
calculations.

Historically measured concentrations of some selected radionuctides in air are available.
However, the record only begins for these in the 1960s. Reconstruction of contamination levels
will be required. This can be done using extrapolation in a few instances, but generally
concentrations must be calculated from released amounts and an atmospheric transport model.
The released amounts (source term) must be estimated from Mayak operating records and process
descriptions. Atmospheric data available at this time are limited to climatological records - it is
not yet known if hourly data (or equivalent) can be obtained.

2.5.2 Ozersk Cohort External Dose Activity Descriptions

The following activities are necessary to complete the dose reconstmction process
i.htrated in Fig. 24.

Epidemiological Feasibility Study This subtask will perform an initial evaluation of
potential statistical power that an epidemiological study might have. Inputs wiIl come from earlier
studies performed by the Mayak Industrial Association. The results will be provided to the
participants - it is anticipated that the decision to continue studies of the Ozersk cohort will be
coordinated by the staff of FIB- 1.

Electron Paramagnetic Resonance (EPR) This subtask will perform initial
measurements as tooth samples become available through routine dental work and postmortems
(no active recruitment of samples from exposed individuals is planned). These measurements wi.11
be used as the basis for external dose for the affected individuals and also placed into a database
from which statistical regressions based on age and residence can be made to serve as a source of
analog information for persons without direct measurements. It is anticipated that this subtask
would be performed by staff of the Metal Physics Institute in Ekaterinbourg. I%ocuremen( of an
EPR spectrometer will simplify and greatly increase the number of samples that could be analyzed
arinudly.

Environmental Thermoluminescent Dosimetry (TLD) This subtask will perform initial
measurements in environmental samples collected at predeten-nined locations within Ozersk. A
detailed sampling plan will be developed to optimim the number of samples required. The dose
rates evaluated will be used to prepare a regression of dose rate for various locations away from
the Mayak facilities.

Biodosimetry Pilot Study A feasibility study will be undertaken to evaluate the accuracy
and reliability of measurements made with a suite of biodosimetric techniques, including
fluorescent in-situ hybridization, T-cell receptor, and other techniques. If any of the techniques
compare well with measurements made by other methods (EPR, etc.), further requests will be
made to the JCCRER Executive Committee to incorporate the techniques into the ongoing dose
reconstruction efforts.
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Analysis of Historical and Current Monitoring Data This subtask will compile and
evaluate available data on radionuclide concentrations in air and soils. This information will serve
as input to the source term and shielding subtasks.

Atmospheric Source Term Development This subtask will prepare estimates of the time
history of radionuclide release to the atmosphere from Mayak activities. This will requi~ review
of historical Mayak documents regarding facility operating histories, technological processes
involved, and any available measurements of releases. This task will develop estimated release
fractions and prepare release estimates for use in atmospheric transport modeling. Radionuclides
will include 1311,239Pu, 137CS, 41Ar, (85Kr?), and others. This task may involve review of
cun-ently classfled documents. Provisions will be made to declassify key documents supporting
the release estimates. It is anticipated that staff from the Mayak Industrial Association will be key
participants in this task.

Atmospheric Transport Modeling This subtask will accumulate meteorological data
describing the historical dispersion conditions. This will be used as input to a numerical transport
model to simulate the advection, dispersion, and wet and dry deposition of radionuclides. The
model will provide concentrations of radionuclides in the air and on the ground at specified
locations throughout the Mayak region.

Ozersk Cohort External Dose Estimation This task will provide management
coordination and integration for the other subt.asks involved with the Ozersk cohort. This task
will assimilate the data and information prepared by the other tasks and make individual external
dose estimates based on the priority of the data hierarchy. This task will also collect a database of
completed results to use as potential surrogates for use in estimating individual doses by analogy
as a last resort, This task will also lead the evaluation of uncertainty in the individual dose
estimates and use the collected information to attempt to validate the more numerically-intensive
techniques against those with better measurements.

2.6 Ozersk Residents - Internal Dose

Use of the Ozersk cohort in an epidemiological study is not yet certain. A pilot study is
fnt suggested to determine if there is sufficient statistical power to resolve health effects in the
exposed population. However, because other residents near the Mayak facility were impacted by
the gaseous and aerosol releases from the facility, most of the following activities will be required
to complete the dose estimation for the Techa (and possibly EURT) cohorts. (Those activities
required in either case are indicated in Section 4.3).

The internal dose reconstruction approach for residenrs of the City of Ozersk is described
in Section 2.6.1. The tasks that derive from this approach are summarized in Section 2.6.2.

2.6.1 Ozersk Cohort Internal Dose Reconstruction Hierarchy

The hierarchy of information required for calculating internal radiation doses to people
who lived in the vicinity of Ozersk during the releases is shown in Fig. 25. Internal dose is related
to the time integral of the body burden. Information related to time is readily accessible through
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birthrates and residence histories. A shown in Table 5, a number of individuals have had at least
one whole body count; however, these did not begin until relatively late in the release period and
consider only the readily-assessed gamma-emitting radionuclides. Individual autopsy records are
also available for 137CS,plutonium, and 241Am beginning in about 1975. These individual
records are the preferred primary data for individual dose reconstruction, but none of these
sources address what is potentially the key radionuclide— 1311. The last resort for estimating
body burden histories for individuals is via analogy to family membem or residents of [he same
location - if individual measurements am not available, it is preferable to estimate them via
individual intake and metabolic modeis.

There were a very large number of potential routes of ingestion of radionuclides. Drinking
milk probably lead to the largest exposures of 1311in the early years, but inhalation is the leading
pathway for doses from plutonium.

Consumption rates vary by age and sex. In the 1970s, dietary surveys were made of
people living in the EURT areas - this data could provide some default information if individual
dietary preferences m not available. Some information has been compiled by Mayak staff
regarding sources of milk and other foods consumed in Ozersk. CoUective farms in the area have
provided milk to the Ozersk population and their production records are available. Additionally,
studies were made in the 1980s of emission rates and environmental concentrations of 1291;these
could provide valuable information applicable to 131I transfer in the region.

Historically measured radionuclide concentrations in some selected environmental media
(137CS ~d ‘Sr in foods between 1956-1989, and 1311in milk behveen 1962-1964) are available.
Measurements of particulate mdionuclides and tritium in air are available from the 1960s
onwards. However, reconstruction of food-contamination levels will be requixed. his can be
done using extrapolation in a few instances, but generally concentrations must be calculated from
common radioecological transfer factors and estimated atmospheric concentrations. Air
concentration must be estimated from released amounts and an atmospheric transport model. The
released amounts (source term) must be estimated from Mayak operating records and process
descriptions.

2.6.2 Ozersk Cohort Lntemal Dose Activity Descriptions

The following activities are necessary to complete the full dose nxonstruction illustrated
in Fig. 25.

Epidemiological Feasibility Study This subtask will perform an initial evaluation of
potential statistical power that an epidemiological study might have. Inputs will come from earlier
studies performed by the Mayak Industrial Association. The results will be provided to the
participants-it is anticipated that the decision to continue studies of the Ozersk cohort will be
coordinated by the staff of FIB- 1.

Evaluation of Bioassay Data This subtask wdl evaluate available whole body count data
and autopsy data. This will provide body burden/intake estimates for individuals for whom
measurements exist. l%is task will also assemble a database of whole body count derived body
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burdens for each fa.milYor village to be used as surrogates in case other approaches fd for
unmeasured individuals.

Estibiish Food-Consumption Rates This subrask will develop individual ciier.aq+intakes
of various foods and water as functions of age, sex, ethnicity, and location. The efforts will use
individual dietaq information, results of local surveys, and information on r-hesour= of drinking
water.

Analysis of Historical and Current Monitoring Data This subtask wi.11compile and
evaluate available &ta on radionuclide concentrations in air, soil, and food. This information will
seine as input to the radioecology and atmospheric transport subuisks.

Radioeccdogy This subtask will review available data to determine the most appropriate
transfer factors for radionucli&s in milk and food crops. Sources of data may include site-
spetilc measurements as well as generic sources such as the International Union of
Radioecologists. This information will be used to develop estimates of radionuclide content in
food crops. Additionally, information will be developed concerning the feeding practices for dairy
cattle and distribution systems for milk and other foods produced in the ama

Atmospheric Source-Term Development This subtask will prepare estimates of the
time history of radionuclide release to the atmosphere. This will require review of historical
Mayak documents regarding facility operating histories, technological processes involved, and any
available measurements of releases. This task will develop estimated release fractions and prepare
release estimates for use in transport modeling. This ~k may involve review of cmendy
classified documents. Provisions will be made to declassify key documents supponing the relexe

estimates. It is anticipated that staff from the Maya.k Industrial Association will be key
participants in this task.

Atmospheric Transport Modeling This subtask will accumulate me!eorolo:icd data
describing the historical dispersion conditions. This will be used as input to a numerical transport
model to simulate the advection, dispersion, and wet and dry deposition of radionucbdes. The
model will provide concentrations of radionuclides in the air and on tie ground at s~::fled
locations throughout the Mayak region.

Ozersk Cohort Internal Dose Estimation This task will provide management
coordination and integration for the other subtasks involved witi the Ozersk cohom This u.sk
w-ill assimilate the data and information prepared by the other tasks and make individual internal
dose estimates based on the priority of the dam hierarchy. This task will also collect 3 database of
completed remits to use as potential sumogates for use in estimating individual doses by analogy
as a last resort This task will also lead the evaluation of uncertainty in the individual dose
estimates and use the collected information to attempt to vaiidate the more numericdy-inumsive
techniques agains[ those with better measurements.
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3. Project 1.1 Reject Organization

The activities described in Section 2 are often parallel, and frequently one activity can
support dose reconstruction for mom than one cohofi It is therefore best to combine many of the
activities inm related tasks so that they may be better coordinated and managed.

3.1 Task 1: Project Managexnent/Task Integration
(project 1.1 Principal Investigators: M. Degtev~ E. Drozhko, L. Anspaugh, B. Napier)

This task will provide overall direction and project managemen~ This will include
scheduling, financiaI control, meeting attendance, quality insurance, and peer review.

3.2 Task 2: Electron Paramagnetic Resonance Studies
(Metal Physics Institute: A. Roman-a)

his task will coordinate and perform measuremen~ as tooth samples kcome available
through routine dental work and postmortems (no active recruitment of samples from exposed
individuals is planned). Samples will be evaluated from each of the Techa FWer, EURT, and
Ozersk cohorts. Theje measurements will be used as the basis for external dose for the effected
individuals and also placed into a database from which statistical regressions based on age and
residence can be made to serve as a source of analog information for persons without direct
measurements. Procurement of an EPR spectrometer will simpLiljf and greaxly incrme the
number of samples that could be analyzed annually.

3.3 Task 3: Biodosimetry Pilot Studk
(Um.k Research Center for Radiation Medicine: A A.kieyev)

A feasibdi~ study will be undertaken to evaluate the accuracy and reliability of
measurements made with a suite of biodosi.metric techniques, including fluorescent in-situ
hybridization, T-cell receptor, and other techniques. If any of the techniques compare well with
measurements made by other methods (EPR, etc.), further requests will be made to the JCCRER
Executive Committee to incorporate the techniques into the ongoing dose reconstruction efforts.

3.4 Task 4: ‘hermohuninescent Dosirnetry StudiH
(?JralsResearch Cemer for Radiation Medicine: N. Bougrov)

This cask will perform initial me3sufements of entinmenti samples collected at
predetermined locations along the Techa River, within the HJRT, and within OzeA. Derailed
sampling plans will be developed to optimize the number of sampies required. The dose rates
evaluated will be used to prepare a regression of dose rate for various locations away from the
Mayak facilities.

3.5 Task 5: Analysis of Historical Monitoring Data
(Urals Research Center for Radiation Medicine: M. Vorobiova)
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. This task will collect and interpret historical measurements of dose rate and mdionuclide
concentration in water, sedimen~ sod, fish, air, crops, and animal pmduc~. Specific data sers will
be prepared for the Techa River between the Mayak release point and the confluence witi the Iset
River, the East LJrals Radioactive Trace for inhabited areas wirh initial depositions greater than
0.01 Ci Icn@, and regions within 50 kilometm of the Mayak facility in which food crops or
animal products were produced. These data sets wti indicate the Lime histories of contamination
where possible.

3.6 Task 6: Analysis of Bioassay Data
(Urals Research Center for Radiation Medicine: V. Kozheurov; FIB-1: K. Suslova)

This msk is subdivided into four subtasks

—

Subtask 6A: Evaluation of Availabie Data
(’URCRM: V. Kozheurov; FXB-1: K Suslova)

This subtask wll collect and analyze existing whole body count and autopsy data-
Databastx will be prepared for the Techa River, EURT, and Ozersk cohorts. This will provide
body burderdiitake estimates for individuals for whom measurements exk This task will also
assemble a database of whole body count derived body burdens for each family or village to be
used as surrogates in case other approaches fail for unmeasured individuals.

Subtask 6B: Caiihration of SICH-9.1 Whole Body Counter
(UICIW: V. Kozheurov; Institute of Marine Transport Hygiene, SL Pe~rsburg:
A. Kovtun)

This subtask will continue the work begun in the feasibility stage of Project 1.1 in
calibrating the URCR’M whole body counter. A physical phantom has been desi-gned and is be;ing
constructed to aid in this caiibraaon; a mathematical phantom will also be pn+wed. This
calibration is necessary to provide continuity and vetilc~tion of the thousands of whole body
counts available at URCRA4.

Subtask 6C: Continued WBC Acquisition
(URCR\f: V. Kozheurov)

This subtask supports continued data gm.hering and counting of the Various cohorts. This
is important for all aspects of tie dose reconstruction as well as supporting the public ouueach
efforts of URCR~ in the impacred populations. In order to most expeditiously continue this
work, new detectors and electronics are required for the SICH-9. 1 whole body counter. This
subtask supporLs purchase and installation of this new equipmenL

Subtask 6D: Metabolism Studies
(LJRCRM: V. Kozheurov, E. Tolstykh)
This subtask will use available sequential whole body count data to updare radionuclide

retention functions. m metabolic model would then be used to help evaluate all whole body
counts to provide tie integral exposures.
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Subtask 6E: Tooth Count Amdysis
(URCllkf: V. Kozhetmov)

This subtask will exrend the technique of Kozheurov and De&va (1994) for diem-y
intake evaluation based on in vivo measurements of stronr.ium-90 in teeth beyond the village of
Muslyrnovo, where it was developed, to other sites along the Tectm River.

3.7 Task 7: Individual Definition/Epidemioiogical Lnterface
(URCRM: M. Degteva)

This task WiIIcoordinate the development of individud die~ intakes of various focxis
and water as functions of age, sex, ethnicity, and location. The efforrs will use individual dietary
information, results of local surveys, and information on the sources of drinking water. This task
wiil also support the continued validation of individual residence histories for memks of each
cohofi This task will coordinate the assignment of family or village analogs, where required, to
individuals un&r assessment

3.8 Task 8: Radioecobgyflransfer Factors
(URCRM: M. Vorobiova; MIA: G. Roma.nov)

This task will review available data to determine the most appropriate transfer factors for
radionuclides in f~h, milk, and food crops. Sources of data may include site-specfic
memu-emerms as well as generic sources such as the International Union of Radicecologists. This
information will be used to develop estimates of radionuchde content in food crops. This effort
will be coordinated witi the available monitoring data coll=fid irI Task 5.

3.9 Task 9: Techa River source Term Development
(MI& Yu. Mokrov)

This task will prepare estimates of the time history of radionuctide rele=e to the Techa
Rher. This will require review of historical Mayak documents regarding facility operating
histories, technological processes involved, and any available measurements of re!eues. This uk
will develop estimated Riease fractions and prep= re!e= estimak%i for use in transport
modeling. This task may involve review of currently classified documents. Provisions will be
made to declassify key documents suppordng the release estimates.

3.1O Task 10: Atmospheric Source Term Development
(W1L4: V.V. Khokhryakov; Federal Nuciear Center: E. Kuropatenko)

This task will prepare estimates of the time histo~ of radionuclide Aexe [o the
atmosphere from Mayak activities. his will require review of historical Mayak documenu
~gutig fac~v oPemMg ~tones, technological processes involved, and any available

measurements of reieases. l%is task will develop estimated reie~e fractions and prepare release
estimates for use in atmospheric uansport modeling. Radionuclkks will inch-de 1311,239Pu,
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137cs, 41~, (Mfi?), ~d o~em. This task may involve review of currendy Ckud.fed d~~ents.

Provisions will k made to dedassify key dmxrnents supponing the release estimates.

Reasonably complete information is available for the atmospheric releme from the
explosion that formed the East LJrds Radioactive Trace. However, work is being undertaken by a

parallel project at the Federal Nuclear Center in Snezhin.sk (Chelyabinsk-70), managed by Dr.
Evelina Kuropatemko, under a task to reconstruct the radionucIide rdease s~cmum. Efforu will
be coordinated with this group.

3.11 Task 11: Techa River R@ionuclide Trmspoti Nbdeling
~Cw\f: D. BumIistrov)

This faskhas twO subtasks.

Subtask11A: Radionuclide Tramport Mode!ing
(URCRM D. Burmistrov, M. Vorobiova)

Thi.s subtask will accumulate data describing the tiStOriC~ Techa River hydrologic dam
sediment loading, and dam construction history. This will be used as input to a numerical
transport model to simuIate the flow and contaminant loading of the Techa River from the Mayak
facility to its confluence with the Iset River. The modei will provide concentrations of
mdionuclides in water and sediment at spedled locations along the river.

Subtask llB: Radiation Transport.Khielding
~C~M: D. BumIistmv)

This subtask will also use the modeled river concenmtions to extend avadab[e
measurements (from TLD and conventional sources) to provide dose rates as a function of
location away from the Techa River. Lnputs to the modeling will generally come from the Techa
River source rerm and transpfl modeling activities. Additional calculations may be performed to
estimate external doses from noble gases released to the atmosphere.

3.12 T~k 12: Atmospheric Transport Modeling

(MIA: V.v. Khokhryakov)

This uis.kwill accumulate meteorological data chcribing the historical dispersion
conditions. This will lx used as input to a numerical transport model to simuiate the advection,
dispersion, and wet and @ deposition of radionuclides. The model will provide concemruions

of radionuciides in the air and on the ground at s@iZed locations throughout the Mayak region.

3.13 Task 13: Dose Estimation for Techa Cohort
(Project 1.1 Principal Lnvestigatom: M. Degtev~ E. Drozhko, L. AMpaugh, B. Napier)

This task will provide management coordination and integration for the other subtash
imfolved with the Techa cohofi This task will msimilate the data and information prepared by the
other tasks and make individual incema.i and extemaI dose esr.irrmres based on the priority of the
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data hierarchy. This task will also collect a database of completed Techa River conon results to
use as potential sumogates for use in estimating individual doses by analogy as a las[ resorL This
task will also lead the evacuation of uncertainty in the Techa River cohort individual dose
estimates and use the coLIected information to attempt to vaiida~ the more numerically-intensive
techniques against those with better measurements.

3.14 Task 14: Dose Estimation for EURT Cohort

(project 1.1 Principal Investigators: M. Degtew E. Drozhko, L. Anspau@ B. Napier)

This task will provide management coordination and integration for the odm subusks
involved with the EURT cohorL This task will assimilate the dam and information prepared by
tie other task and make individual internal and external dose estimates based on the priority of
the data hierarchy. This task will also collect a database of completed EURT cohorI results to use
as potential sumogates for use in estimating individual doses by analogy as a last resorL This task
will also lead the evaluation of uncertainty in the EURT cohort individual dose estimates and use
the coI.lected information to attempt to validate the more numerically-intensive dmiques against
those with berter measumments.

3.15 Task 15: Dose Estimation for Ozersk Cohort
(Project 1.1 FrincipaI Investigators: M. Degrev& E. Drozhko, L. Anspaugh, B. Napier;
FIB-1: IC Suslova)

This task will provide management coordination and integration for the other subtasks
involved with the O~rsk cohort- Following the epidemiology femibility study, this task will
assimilate the data and information prepared by the otier tasks and make individual internal and
external dose estimates based on the priority of the data hieramhy, This task will also collect a
database of completed Ozersk cohort results to use as potentiai surrogates for use in estimating
individual doses by analogy as a last resofi This task will also lead the evaluation of unceru.inry
in the Ozersk cohort individual dose esrimates and use the collected in.fomation to attempt to
validate the more numerically-intensive techniques against those with better mem.rernents.

4. Cohoti Smnlnary schedules

A summary schedule, showing estimated staffing requirements, time lines. task
interdependencies, and milestones, is provided for exh of the three dose -reconsimction cohorts.

4.1 Techa River COhOrt Smnmary Schedule

Fig. 26 illustrates the summary schedule for the Techa River cohon The activities listed
am described in Sections 2.1.2 and 2.2.2. The comections illustrated generally represent tie last
date on which data are exchanged between the activities; it is anticipated that the suff would be in
continual communication and the important information would be shared as it is developed. The
individual milestones, which may be published as sepamte reports by the pardcipatig authors.
are:

1. Description of mdionuciide metabolic modeis to assist in ewduation of bioassay dau
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2.
3.

4&
4b.

5.

6.

7.

8.
9.

10.

11.

12.

13.
14.
15.
16.

17.
18.

19.

4.2

Completion of updating and calibration of the SICH-9.1wholebdy coun~r.
Fmai report on individual body burden histories and resulting doses evaiuued for Techa
River cohom
Completion of procuremen~ installation, and calibration of EPR spectrome~r.
Fti report on individual external doses measured for specific individuals using EPR, arid
description of medmdology for extrapolating to or-her individuals in the Tccha River cohon
Fmai report on environmenml thexmohrninescent dosimetry measurement and dtimiprion
of methodology for extrapolating to other individuals in the Techa River cohorr-
Final report of fe~ibi.hy study on use of biodosimetic techniques. If se!echd techniques
are deemed to be useful, additional measurements would be proposed to the executive
committee.
Final repofi of the dietary intdce evaluation and dosi.metric modeling for the Tech River
residents based on in-vivo measurements of radionuclides in teeth, to be used as input to tie
development of individual dietary information.
Final report on development of individual dietary information.
Final report on historically measured dose rates, radionuclide concentrations in water,
sedimen~ soils, and foods.
Final report on default tm.nsfer factors for use in estimating radionuciide concenmions in
f~h, crops, and animal products, including references and derivations.
Final report on &rivation of the radionuclide release m= from Mayak faciliaes to the
Techa River. Includes time histories of individual radionuclides.
Final repofi of modeled concentrations of radionuclides in Techa River war.erand sediments
at specii%d locations over time. Includes description of hydrologic data and mode!(s)
employed.
Initial individual dose models and estimates for specfIc inditiduti for uncetity analysis.
Refined individual dose estimates for use in sensitivity analysis.
Description of uncerminty in individual dose estimates for use in sensitivity analysis.
Final repro to epidemiological srudy on radiation doses to individuals witi the Techa
River cohom
Final report on parameters resulting in uncertainty in f-heindividual doses
Final report on uncertainties associated with radiation doses for individuals within the Techa
River cohom
Placeholder milestone to indicate connection widi analyses for the Ozersk cohort for
atmospheric pathways. Data regarding dose from acrnospheric reie~es is input here
(Section 4.3, MiIestone 14).

EIJRT Cohoh Summary Schedule

Fig. 27 illusmxes the summary schedule for the EURT cohorL The activities listed are
described in Sections 2.3.2 ~d 2.4.2. The comections ilhstrated generally represent tie last date
on which dara are exchanged between the activities; it is anticipated that the suif would be in
continual communication and the important information would be shared as it is deve!oped- TIE

individual milestones, which may lx published as sepamte reporrs by the parcicipadng aur.hoes.
are:
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1.

2.

3.
4.

5.

6.
7.

8.

9.
10.
11.

12.
13.

14.

Final report of feasibility study on use of biodosimetric technique-s. If sekeci uxhniques
are deemed to be useful, additional memurements would be proposed to (he executive
committee.
Fma.1report on environmental thermoluminescent dosimetry memremems and description
of methodology for extrapolating to other individuals in tie EURT cohom
Completion of procuremen~ installation, and calibration of EF’R specuomesr.
Fhml report on individual external doses tneasumd for specific individuals using EPR. and
description of methodology for extrapolating to other individuals in the EURT cohom
Final report on individual body burden histori= and resulting doses evaluated for tie EURT
cohon-
FmaJ report on development of individual dietary information.
Final repon on historically measured dose rates, radionuclide concenm.ions in water,
sedimen~ soils, and foods. Includes default transfer facton for use in esdmating
radionucli& concentrations crops and animal produc& including refenmce-sand derivations.
Final report on derivation of the radionuclide release from the Kysh~ explosion to tie
atmosphere. It is anticipated that this repo~ will be prepared by a pamllel projecL
Initial individual dose models and estimates for spec~lc individuals for uncertain~ analysis.
Refined individual dose estimates for use in sensitivity analysis.
Fma,l report to epidemiological study on radiation dow to individuals within tie EURT
cohom
Description of uncertainty in individual dose edma~ for use in sensirivi~ analysis.
Final repro on uncertainties associated with radiation doses for individuals wirhin tie
EURT cohom
Final report on sensitive parametem resulting in uncmainty in rhe individual doses for tie
EURT cohom -

43 Ozersk Cohort Summary Schedule

Fig. 28 illusmues the summary schedule for the Ozersk cohorL The activities listed are
described in Sations 2.5.2 and 2.6.2. This set of activities begins with a one-yeu fexibiliry smdy
to deumni.ne if the efforts are required - however, several of tie tasks will be pen-orrned in
conjunction with studies for the Techa River and EURT coho~. Thus, while some of the
activities do not begin until after the completion of the feasibility study, others are required
whether or not tie ozersk cohort is studied. These are assumed to begin at the same time as the

other effoms.

The comections illustrated generally represent the last date on which data are exchanged
&tween the activities; it is anticipated that the staff would be in continual communication and the
important information would be shared as it is &velo@. The individual milestones, which may
be published as separm reporrs by the panicipating aurhom, are:

1. Final repo~ on the fwibility study evaluating the statistical power of an epide.biological
study of tie Ozersk cohofi A decision should be reached prior to tie publication of this
report - a positive determination would result in work beginning on subsequent tasks prior
to the report’s final rele3se.
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2. Final report of feasibility study On use of biodosimernc techniqw. If se!eti =lhniques
am demed co te usduL additional measxemen~ would be proposed to the e-=~ave
commi~.

3. Fti repom on environmental thermohmin=cent dosirnecry measurements and dtxcripaon
of methodology for extrapolating to ocher individuals in the Ozersk cohom

4. CornpIetion of p~ummen~ instailaaon, and calibration of EPR specuome=.
5. Fd repoti on individual external doses maured for S#c individuals using El% and

description of methodology for extrapolafig to otier Mividuti in theOzerskcohom
6. Finalreporton individual body burden histoties and=uIM~ doses evalua~ for the Ozersk

cohorL
7. Fti report on development of individual die- informarion-
8. Final report on historically mew.ued dose ra=, donucfi& concentrariom in air, soils, and

feds.
9. FmaI Rport on default transfer factors for use in esfiadng donuclide concemraaons in

CTOPSand animid prOdUCtS,inchldhg mfere~= and &XiVtiON.
10. Final report on &rivation of the rdionuclide re~ mtes fmm Mayak faciliae.s to the

atmosphere. Includes time histories of inditidti radionuclides - noble gases reactive gases,
and iodines.

11. Evaluation of meteorological &ta availabil.i~ and selection of modeling approach. ,
12. Fti development of atmospheric dispersion modeL
13. Final report of modeled concentmtions of mdionuclMes in air ~d deposited on the ground

at .spedied locations over time. Includes destipaon of meteorological &ta and modd(s)
employed.

14. Initial individual dose models and estimates for sp=KIc inditidti for uncertainty analysis.
This information is also provided for the Techa River cohort at this time.

15. Refined individual dose intimates for use in sensitivity analysk.
16. Final repofi to epidemiological study on mdiition do= to idvidti widin the Ozersk

cohorL
17. Description of uncertainty in individual dose edma@-s for use in sensiuvi~ anaIysis.
18. Fti report on parameters resulting in unce~ty in rheindividual doses.
19. Fmai report on uncertainties associated with radiaaon doses for individuals within the

Ozmk cohom
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lProiect Title: Dose Reconstniction for the Urals Pomluation Period of IBUDGET SUMMARY, —-. —.————-.—–- ————–—–— ,
Support: YEAR 1 YEAR 2 - YEAR 3 - YEAR 4

Institution: Law=n<T~~e~or~N=on<lLabo<~ory
.. . ...————.——––.—–. ———.——...

complete Address: Battelle Pacific Northwest Laboratories ‘- ‘“-
—.. .

.. ——————.—. ————
University of Utah

. .

Urals Research Center for Rad~a-tion”Medi~ine@RCRM)
——+—————.—. -—

Mayak Industrial Association (MIA) “-
–——.—

Special Major Procurement ““ -
——..-. ——–—– . . . . . . . .

—. ..— . .—.

—.—.
Requested Items

-

-.
A. Equipment

.. .
Amt in U.S. $ Amt in U.S. S Amt in U.S. $ Amt in U.S.-9

Please list description of equipment
. . .. ——— ——— — . . . . .

1 ‘Mist Computer/Software
.- ——..— ——– .—— ———— — .——

15,000 15,&”- 16,224 16,873

2 Modernization URCRM Sr-90 Whole-Body Counter
-——————————-... .— —––—. ..—.—.

245,000

3 Electron Paramagnetic Resonance Spectrometer-Institu te of Metal Physics 200,000 “-

4 Mayak Equipment/Supplies
_—— ——— — ...— —

20,000.. —.–—————
5 MPC Charges 31,390 250 260 270

Please justify equipmerit purchase on-=–pa==~ge(s)–- Subtotal>— 511390 ‘“-- 15,850 “ 16,464- 17,143
.. .—

B. Supplies (Itemize) Amt in U.S. $ Amt in U.S. S Amt in U.S~ $-”Amt in U.S. 9-.——— ——.—-.
i “ti”D-ji%i710ima1s 2,000 2,080 2,163 2,250

12--Subc0ntiac;/Consu1~e & &j~- ‘-- ‘- - -‘- 4,972- 5,171 5378- 5,593

450

3,366

2,812

11,660

in U.S. $

i. ‘

4 Mist Supplies
. . .. —..-

2,994– 3,114 ‘ 3,238-

5 Equipment Maintenance “-
—. ..— ——.— —.. .—..— .— —.. . .

2,500 ‘ 2,600 2,704 ‘-

Please justify equipment purchase on separate pagi(sj ‘
..-. ———————... . . . . . .

Subtotal> 12,866 ‘ 10,781 11,212

C. Estimate Travel Costs ‘- “- Destination ‘Travel Dates ”Arnt ;n—U~S$-A-mt in U.S. $ Arnt in U. S~$--Amt

Please list names of travelers
—- —.—.——. .—–—–-—————— .-

1 Travel for Livermore P=m-OM–el ‘-–- ‘---
—.. . . .. ..— ———_——-

Domestic 6,000 — ‘- ‘----6,240 6,490

2 Travel for Liverrnore Personnel ““
—–—–..—..- -–—.—- ——-– ..——

Foreign 16,000 16,640 17>06

3 2 Trips to Chelyabinsk/2 Trips to DC/l Trip ~lvermore 16,039 ‘–- 16,681 17348—.....—— .. ——. ——
4 Mist Travel-U of Utah 3,268 3,399 3,535

5 Mist Travel-Mavak
-. .—.——A.—.-. .— . . .———- —————

20,000

6,749

17,998

18,042

3,676

1...-::::::...... “:: “.
,

Please report justification for travel on separate page(s) “ Subtotal>” 61s07 - 42,959 44,678-
. . . . . 46,465

IPersonneland other Costs
ID. ‘imoiect Perso=e”i costs -‘- ---- 70-Effo~ ------ ‘Amt in U.S~$ ‘A’rnt in U.S. $ Amt in U.S. 5 Amt in U.S. $.. ———.—..-— —.——–.-—.

28,956

33,136

3;733

36,982

857

6,799

4,218

7,452

27,843

31,862

3,590-

35,560

824

6,537

4,056-

7,166

1 L. Anspaugh

2 J. K-ercher

0.25
—–.———

25,742

29.458-

26,772 ‘-

30,636

3,452

34,192-

792

6,286

3,%

6,890

3ji9”
32;8%“

“762 “’

6,044 ‘

I:---’:::.: ~3 Additional Scientist

4 Research Scienti%/ Engineers

15 Cl:rical/Secretarial –-——. ——-
0.1016 E. Haskell

. ..—
9 R. Diffley

10 Mayak Sala-ries

11 Fnnge%”enefits

12 Facility Charges (LFC/OFC)

..—

. .

0.13-” 1,875- 1,950“ 2,028 2,109..
50,000“
28,626“ 29,771- 30,962 32,~130

.. .. .
9,600 lo,i92 - 10,600...— 11,024

1.28 Subtotal>- 198,878– 154,833- 161;026 167,468

Amt in U.S. $ Amt-in-U.S. S “Amt in U.S. $ “Amt in U.S. 5
.-

‘249,962 -- 192,020 199,701 207,689

–A...—- ,––

Please list duties of each staff on separate pages(s)

D, ii) Other Costs/Indirect Costs
1 Indirect Costs

-..
3

. . . Subtotal>’ 249,962 192,020 199,701- 207,689

.. ..
Total Costs” l,oi4rti3 416,443- 433,101 450,425

.
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Project Title: Dose Reconstruction for the Urals Population-. Period of

%lDDOrt: YEAR 1 YEAR 2 YEAR3 YEAR 4

Institution:
-———.————. —JJ————--—

Lawrence Liverrnore National Laboratory
..—. —— .—

Complete Address: P.O. Box 808
—.. ——.- -.——— . .

Li~ermore. CA 94550
.-— —————

——. ——–—–.’— ——–.—–— –————-— .—-. -.- ————. . ——.— .——. .—. +— —————. ..- —-.—.— —-.—— .————. —

——————. ——.- --—— ——.—.—–———.———-.-— ——
————— ..——.——.

Name of Principal Investigator: Lynn Anspaugh ‘— - “%1 O-424-64O9 ‘i424-6410‘Telephone:—————-—-———
Fax: 510-424-6408

.—..

—-———..—— .—..———— -—.— —— .—— — — —

Please list description of equipment —–——...———
1 Mist Computer/Software-—. .—.. .—. ..— .

. ...—.—. .-—.
i5,000 15,600 16,224 16,873——–-——.

4 MPC Charees.
Please iustifv eauiDment ourchase on,,, .
B. Suoulies (Itemize)~_
1 TID/Pnnt/loumals

—.————-——— –.
240 250 260 27C—-——. .—--———-—.———..——— -.

separate page(s) “ “--- Sub”totil> 15,240 15,850 16,484 17,143
. .. ————4——------ .– ——————--

Amt in U.S. $ Amt in U.S. $ ‘fit in U.S. {“fi”t in U.S. !
—. .. .—

2,000 ‘ 2,080 2,163 2,25C
—.. —. —.. —— .—.————— —— ———

Please justify equipment purcha~ on se~a~=e~a~e(s) --
————————.. ---- —————

Subtotal>’
_——

2,000- 2;080 Z,lti ‘- 2,250
C. Estimate Travel Costs

. -...—— . .. ——.—
Destination Travel Dates “Amt in U.S. $ ‘Gt h U.S. $ ‘bt h U.s.-.$ ‘~t in us. f

Please list names of travelers
. .. —.————— .–—— —-———-–————— ——————.—. —–——-—-

————. .—. -——.— ..—— . . . . . .— —.. .—.——. . . . . . .. .
1 “Domestic 6,000 6,240 6,490 6,749

-. .—
2

.. . . . ..——...—
‘-Foreign “- 16,000 “ 16,640 “ 17~06 17,998

3“
. . . . .—. .— -——.

4

Please report justification” for travel on separate page(s~ -
. . ————-—— ————.—-

Subtotal>- ‘“ 22,OOO 22,880 23,795”” 24,747

Personnei”Xd-O=er Costs
..

D. i) Project Personnel costs % Effort ‘- Amt in U.S. $ Amt in”U%..$ Amt in U.S. $ ‘A&tin U.S. 9

Please list names of staff members
. . ———.

1 L. Anspaugh
. .. .——. -——— —-. — .——–

0.25 25,742 26,772 “ 27,843 28,956–———–————... -.
2 J. Kercher -0.40 29,458 30,636 31,862- 33,136

..—. .———-.
3 -Additional Scientists 0.05 3,319 3,452 3,590 ‘“ 3,733. .
4 .——
5 Fringe Benefits

5 Facility Charges (LFC>OFC)

Please list duties of each staff on separate pages(s)

D. ii) Othe;?o&/Indirect Costs
-.

1 Indirect Costs

z“
..
.

22,589 ‘ 23;493..— .. ———- -—.
9,800 10,192

0.70” “Subtotal>” 90,908 94,544-——.. —— —-—–—
Amt in U.S. $ Amt in U.S. $ ‘Amt..

130,092- 135,296-

. . . —.

24,432 25,410

10,600 11,024
98,326- 102,259

in U.S. $ ‘Arnt in U.S. !

140,708” 146,336

3 ..
Subtotal> 130,092 “ 135,296 “ 140,708 146,336

. . .

-–.
Total Costs” 260,240 ““” 270,650 281,476 292,735
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Project Title: Dose Reconstruction for the Urals Population Period of . . ...— .. .. .. ————.——
Support: YEAR1 YEAR 2 YEAR3 ‘“ YEAR 4

Institution: Battelle Pacifi~ Northwest Laboratories -
. . ..—— —.—–

Complete Address: P.0, Box 999
. .— .+.. .—. .—.

.—— ..-
Richland, WA 99352

..—

., .

Requested Items
A. Equipment
Please list description of equipment

1

—.—..

“Amt in U.S. $ “Amt in U.S. $-Amt in U.S. $ “-&t in U.S.-–—— — . . . ..

. -..

3

4 MPC Charges
—_—— . .

Please justify equipment purchase on separate page(s) ‘ Subtotal>” o“ o 0

B. Supplies (Itemize)
... .... . .—-—. –

Amt in U.S. $ Amt in U.S. $ Amt in U.S. $ Arnt in U.S.
1 Subcontract/Consulting& OHC”

. . . . . ..————- .—
4,972 5,171 5j7s “-” 5,59.—— -— —.- —.~

.—..——
L

‘1
——. ————–—————— —..

4

Please justify equipment purchase on separate page(s) ‘- ‘- “-- Subtotal>
————-.. ..–———.—.——. ————.–—.—

4,972 5,171 5378 5,59

C: “Es–h%;t~?;avyl ‘Cos;s— --
———.— —.——.

‘Destination Travel Dates Amt k U.S. $ “Amt in U. S.~-Amt in U.S~$ “Amt in U.S.

Please list names of travelers -
..—. -————————————-——.-

1 2 Trips to Chelyabinsk/2 Trips to ~/1 Trip Livermore 16,039- “ 16,681 17>48 18,04. . . . . . . .
-1

4

Please report justification for travel on separate page(5) “- Subtotal>-”- 16,039 16,681 17348- 18,04

Personnel and Other Costs
—— . .. ——...—— —. . —

.——–— .+—.... ———— —-..–—
D. i) Project Personnel costs

—-
7. Effort Amt’in-U.S. $ Amt in U.S. $ Amt in U.S~~ “Arnt in U.S.

Please list names of staff members

1 Research Sci~ntists/ Engineers
———— ——..—— - . ..————..—. -.

32,877 34,192 35,560 -- 36,98

2 Clerical/Secretarial
——L—. .-

‘-762 “ 792- 824 85. . .
3

4

5 Fringe Benefits

5 Facility Charges (LFC/OFC)

Please list duties of each staff on separate pages(s) : Subtotal>- 33,639 34,985

D.~1) Other Costa/Indirect Cos& Amt in U.S. $ Amt in US. S ‘Amt

1 Indirect Costs
–-—.————— –-. .-. — .—– —

45,349 47,163

2“ -

0.00 36384

in Us. $
49,049

“Amt

37,83

in U.S.

51,01

3

Total Costs- 99,999 ‘-- -lo3,w9– 108,159- 112,48

u

.
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reject Title: Dose Reconstnrction for the Urals Population Period of ~ I ——
~ Support YEAR 1 ‘--- YEAR 2 YEAR 3 YEAR 4

restitution:
——.———-———— .——- - —.— –—

University of Utah I
omplete Addre~s: 825 North, 300 West Suite 107-—--—

—~— -—–——-—-—— ——--
Sait Lake City, UT 84103 ~

. . .. . .—— .—. —

——.————— ———— —-—— . .. ———————

———— ——.———.— —......—

lame of Principal Investigator: Ed Haskell
—..—– .–—

~elephone: ‘801-359-5962
—.———

Fax: 801-359-586?—-. . ..—

Requested fiems -
—-— ..——.———–-–— ..__ ..
.. ——————.——. ————— ————

,. Equipment Amt in U.S. $ Amt in U.S. S Amt in U.S. S Arnt in U.S. $

lease list description of equipment
.— _ --..———. ._. ———

7—–” “–-- ”-” “- ‘–———
—.— ——c———.— —_—.——

.—.

——. —
MPC ~harges

—.–——— ———..—————— —.— ..—. — —.—.... .——

———— .——.— —— .— -—–—–.— –——————–——-———
lease justify equipment purchase on separate page(s)

.—-—
: Subtotal> o 0 0 0

—. ——.——
. Supplies (Itemize) -

.. —————.
Amt in U.S. $ Amt in U.S. $ Arnt in U.S. $ Arnt in U.S. $

——— ————
Telephone

..—.
400 416 433 450

—.—— ———— — —.
Mist Supplies

..—
2,994 3,114 3,238 3,368

Equipment Maintenance ‘~
,–~2w

..—— —— —.-.—
, 2,600 2,704 2,812

.~~

[ease justify equipment purchase on separate page(s)
__— —.—.

Subtotal> - 5,894 6,130 6375 6,630

. Estimate Travel Costs 1Destination” Travel Date~U.S. $—A=I=U.S. S Amt in U.S. $ Amt in U.S. $—- — -.—.
lease list names of travelers .—...— — .——-— ——— ..— . ..————.—.—.-—-—

3,268 3299 3,535 3,676
— ._. .—__— —_ ——_—_— — -—.-. —.— ..—-— .—— ————— - —

..— ——— —— .-
.—— —————.— ———— --—————.———--——-

Iease report justification for travel on separate page(s)
.—— –—-- —— .—. ..—. ..—. . . . . .

Subtotal> 3,268 3,399 3,535 3,676
—....——- —— ———

ersonnel and Other Costs .—-
~. i) Project Peraomel costs “LO Effort Amt in U.S. $ Amt in U.S. S Amt in U.S. $ Amt in U.S. $—.—
lease list names of staff members

—— —

E. Haskell
———. —..——...—.——— .— - --———-——

0.10 6,044 6,286 6,537 6,799

G. Kemer
——— ———.— ..———.— ———. .—— —

0.10:— ‘——–— 3,750 3,900 4,056 4,218
———

R. Hayes
—— ———— —.————

0.25 6,625 6,890 7,166 7,452

‘R. Diffley
—

o.13– “- 1,875—-—i%l 2,028 2,109

Fringe Benefits-33%
_.—. —-–. .——-— —.

‘6,037 6,27I3 6;530 6,791

Facility Charges (LFC/OFC)
- ..—— —— —-.——— ———.—.. — -— .—–————

—— .. . . . ————.
ease list duties of each staff on separate pages(s) 0.58 Subtotal>–—–”—- ‘--”24,331 25>04 26S16 27,369

————— .-—- .——. ———-—.--. ————— — .—
. ii) Other Costs/Indirect Costa Amt in U.S. S Amt in U.S. $ Amt in U.S. S Amt in U.S. $

Indirect Costs @49.5 ~0—”-– ‘–—--—–– 16,579 17,242 17,932 18,649
— —.— — .— .— —–. ——..—-——– -————

.——— —————--———.— .—. .— ———
——.— --- —

Subtotal> 16,579 17,242 17,932 18;649

———_—————..—— ...... ——— ———
Tnta I (“rota .sm7i-

. . . ..—. ——.-——————.——
52.075 54.158 56.324

e



Page 1 Budget Request Format for EH-63 Funded Projects 5/1 6/96 12:14 PM

Project Title: Dose Reconstruction for the Urals Population I Period of—————
Suppork YEAR 1 ‘“” ‘“ YEAR 2 YEAR 3 YEAR 4

Institution: Urals Research Center for Radiation Medicine (URCRM)
--

Complete Address:
—- ———

— —.—. ———- —---———-—————— — ---———-

l-–—-–- —— ———.———.————————
l-—— -— ———

L
—-.—

Name of Principal Investigator: Marina Degteva ““ ! Telephone: 011-7-3512-344351

! 011-7-3512-244-321 ~
.-

Fax:
—

—— . . . ..—— .. —.. .—.— ——
I

— ——* .—— ———_

Requested Items The distribution of the monies will be negotiated by JCCRER
“A. Equipment Amt in U.S. $—Amtin U.S. $ Amt-i=U~5~–-~~= U.S. $
Please list description of equipment

—.

—— ——. .— .—— —————————.-. —-——
1
T ——–– —.. ———— . . . .— .———. ——..-—

-= - ‘-’Y--====Please justify equipment purchase on separate page(s)

~@rnt in U.S. $ Arntli U.S. $ Amt in U.S. S Amt in U.S. $

2
.——

I
. ——.—

. I
,mL~i:_.__::L21i~Please justify equipm~nt purchase on separate page(s) —

Destination Travel Dates Amt in U.S. $ Amt m U.S. $ Amt m U.S. $ Arnt m U.S. $

L_ ‘-– -–
_ _..—. ———— —-— — ————-——

———— ————.-..-.–———
1?— — .—.—.——.— —————————————.——..——+..-——.———w:c:zzc:::~:Please report justification for travel on separate page(s)

Amt m U.S. $ Arnt m U.S. S Amt m U.S. $ Amt m U.S. $

Please list names of staff members

E—--- ——..———
j;- .-— —. ———. ..——— .—— —.——— — ———-———-- -------——-- —.—.————.- —

4

5 Fringe Benefits
——-—— ——-————-——— —— —-.—————— - —.

6 Facility Charges (LFC/OFC)

Please list duties of each staff on separate p=ges(s)
—— -—.-

0.00
. .. . —————

Subtotal> 0 0 0 0

D. ii) Other Costs/Indirect Costs “
.-— —. .——

l@t in U.S. $ Amt in U.S. S Amt in U.S. S Amt in U.S. $..—— -. _—.—
1 Indirect-Costs

—— . ..———

.——— —— -——--—-
‘-1

— —.

1:-------- – -——-—-–---— ——. —.. .———..——— ———..—

1--------------
3 .— —— ————————

Subtotal> 0 0 0- 0——-— —. — —-———–—— —.— —— .-—

l-- ‘- - ‘ ‘---- - ‘-- ‘-- ‘------ ‘-------” ‘---—””--— ‘---—
_—..

Tntal ~nek 200000 208.000 216320 224.973

e

.
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Page 1 Budget Reauest Format for EH-63 Funded Proiects 5/1 6/96 12:31 PM
“.

Project Title: Dose Reconstruction for the Urals Population
—–. — ..__________ i !eriod of . ‘

Support YEAR 1 YEAR 2 YEAR 3 “ YEAR 4
[institution:

——— ——_.—
“M;yak lndusiial”A;s;~;h%ii~~”

.—

..— — .
Complete Address:

. .

———.-—— ——. -... .——.. —.. —.—

. ..

-. . .

1 MPC Charges
—.—— .. . . .
..... ——...— . ——––——.——.—.- –. —.—

~leasejus—~y equipment purchase on septiite pagets) . Subtotal> 20,000 0- 0’ (———L———————————_. ———_. _..
3. Supplies (Itemize) ‘“ Amt in U.S. $ tit in U.S. $ Arnt in U.i; $-knt h-U.S. !
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Page 1 Budget Request Format for EH-63 Funded Projects 5116/96 12:28 PM

Project Title: Special Major Procurement Items for Period of———— .. ——..———. ..— --—...--—— .,.
Dose Reconstruction for the Urals Population Support: YEAR 1 YEAR 2 “‘- YEAR 3 “ YEAR 4

institution:
———-———–——–....-—— —-——— –..

Lawrence Livermore National Laboratory
.—

Complete Address: - P.O. Box 808
.—-. ..— ————-—

—.
Livermore, CA 94550

——- —..

. ————–——.————.— .. -—.

,. —._———_______—_—_———..—

Requested Items
–. .—

A. Equipment
-— —. .— . ..——..—

Amt in U.S. $ ‘Amt in U.S. $ ‘knt in U.S. $ Amt in U.S. 9

Please list description o~ equipment
.—. —... . . -.— .

1 Modernization URCRM Sr-90 Whole-Body Counter 245,000

2 Electron Paramagnetic Resonance Spectrometer-Institute of Metal Physics 200,000

3
. ..—.—..—--—–. ... . ..———.—.-.

Please justify equipment purchase on separate page= ‘“—–-—- “- Subtotal>-”- ‘- “—47~,i~)~ o– “- 0“ 0—.
B. Supplies (Itemize) Amt in U.S. $ Amt in U.S. $ Amt in U.S. S ‘Amt in U.S. $

4
————— —.. ..—

Please justify equipment pu;chase on separate pa~efi ----- - ““-’- Subtotal> o— 0 0 0——A———————.-. ..— .——— ——.——.._____
C. Estimate Travel Costs Destination Travel Dates Amt in U.S. $ Amt in U.S. $ Amt in U.S. $ ‘At in U.S. $—_——. ——-.
Please list names of travelers

—— . .. . ..—. — ..- . .

1
—.

Domestic
.

2 Foreign

3-
—. ———— —.. —.

4
Please report justification for travel on separate page(s)

-.
Subtotal> o 0 o“ o

Persomel and Oth~r Costs
. . .

D. i) Project Persomel costs ‘%.Effort “--” ‘Amt in U.5. $ “Amt in U.S. .$ ‘Amt in U.S. $ “Amt in U.S. $

Please list names of staff memb~rs

‘T

.

L

3
.. . .

.– —.
4

5 Fringe Benefits-

5 Facility Charges (LFC/OFC)

Please list duties of each-staff on separate pages(s) “

D. ii) Other Costs/Indirect Costs
——–+—

..

0.00 Subtotal> o 0 0 0

‘-Amt in ‘U.S. $ Amt in U.S. $-Amt in U~S.$ “Amt in U.S. $

L

3- -
.—

—. ..— ————.
Total Cos&- 524,092 “

.
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APPENDIX D:

RESPONSE TO DIUIFT REPORT OF THE SCIENTIFIC REVIEW GROUP
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RESPONSE TO DRAFT REPORT OF THE SCIENTIFIC REVIEW GROUP

The draft comments of the first meeting of the American Scientific Review Group (SRG)
were received in early April. Unfortunately, due to the schedules of the U.S. and Russian
participants there has not been time to consult adequately on responses to this drafl report.
Thus, the responses provided below must be considered preliminary.

First, it is clear that the timing of the first meeting of the American SRG was most
unfortunate in terms of their being able to review plans for the long-term projects. This is
because they met on January 30, 1996, whereas the Final Reports from the pilot phases of the
projects were not due until February 1996, and the proposals for the long-term work were not
due until April 1996. Thus, the material available for their review was minimal, and the SRG did
not have an opportunity to interact directly with any of the scientists involved in the projects.
Thus, although the draft report states that they “proceeded to review the individual proposals,”
they did not have in their possession any proposals as such. If the members of the SRG thought
that the materials they were given were the proposals, then they must have been very
disappointed and the draft report is overly polite.

Data Access

We agree that data access is important to the credibility of the findings, and the experience
to date has been very good in terms of the willingness of our Russian colleagues to provide access
to their data. The only exception relates to currently classified data pertaining to the operational
history of the MIA; such information is important in terms of understanding the magnitude and
timing of the releases. We hope that the JCCRER will address this general issue at their next
meeting, as it is important that at least our Russian colleagues have access to such data and we
should urge that the data be declassified and made available to the extent possible.

For this project, members of the U.S. team will not attempt to have a complete,
operational data base in the U.S. There are several reasons for this. First of all, this project is
complex, and most of the work on data base structure, additions, and maintenance will have to be
done by the Russian scientists. It would take a substantial amount of additional money for the
U.S. side to try to maintain an up-to-date operational data base in the U.S. More compellingly,
we believe that our current position of trust by our Russian colleagues would be seriously
challenged, if they believed that there would be any possible chance of unauthorized use of such
data. Such issues were, in fact, a stumbling block to the signing of the original JCCRER
agreement, and this block was removed only by the addition of an agreement on intellectual
property rights. Our current working agreement is that the U.S. side will have access to the data
in Russia, and that any analysis of the Russian data by U.S. scientists will be done jointly with
Russian scientists while the U.S. scientists are in Russia. Both the U.S. and Russian scientists
are dedicated to the extensive publication of the data and analyses in western peer-reviewed
journals.

There is a separate project on data preservation. It is our expectation that this project
will ensure the safety of all primary data by securing sufilcient duplicate copies in a remote
location, so that the data bases can be reconstructed in the event of a disastrous loss.
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Project Protocols

d

—

We believe that the protocol now provided for this project meets most of the requests of
the SRG. One exception is that the current protocol has not addressed the issue of quality
control and assurance. There are, in fact, extensive quality-control and -assurance procedures in
place and additional procedures will be needed. These procedures and processes will be
documented in the future in the context of a separate quality-control and -assurance document.

Principles for Communication

We would prefer that the complete reports of the SRG be available to all participants in
the projects. There are many interconnections among the projects, and complete sharing of
information would be most useful.

Scope of Project 1.1

The SRG indicated that the scope of the project was too large, although the information
upon which this comment was based must have been incomplete. The project participants
recognize that it is not possible to examine every pathway. The Final Report on Milestone 1.1.3
addressed this problem, and we have made our best judgments on which pathways are major and
which are minor. Thus, we have already done our best to narrow the scope of the project to a
manageable level, and we have already made our own determination of the priority to be given to
the three cohorts of interest. We agree with the implied suggestion of the SRG that first priority
be given to the Techa River Cohort and that the river pathway is of critical importance.

We understand the fears expressed by the SRG that the scope of the work to be done,
even after the narrowing of its focus, is enormous and will require a very large scale effort. In
fact, if it were not for the very large volume of work already done by our Russian colleagues over
many years, the U.S. participants would probably state that the proposed dose reconstruction
would not be realistic. However, there is a large volume of directly applicable information based
on measurements of body burdens, environmental dosimeters, and other pertinent data. At the
present time there are already dose estimates available on a per village basis for the Techa River
Cohort; we are seeking to refine these estimates by ensuring the inclusion of all major pathways
and by determining individual doses. Individual-dose determinations in some cases have the
nature of an on-off switch, such as knowledge of whether a person or family was using water
from a well or from the Techa River.

Application of U.S. Experience

We agree that the methods developed for dose reconstruction in the U.S. can have usefid
application in this study. Each of the U.S. Principal Investigators has been a principal in one or
more of the U.S. dose-reconstruction studies, and that was the primary reason for their selection
for work on this project. With the inclusion of the members of the SRG, virtually all U.S.
experience in major dose reconstruction is available for participation in and advice to this project.



Biomarkers

Work has already been done on biomarkers by the scientists at the URCRM. The results
have not been encouraging, as no detectable difference in people with presumed high and low
exposures was reported. We have examined in cursory fashion the results of the study done with
the FISH technique of examining stable chromosome translocations. We believe that the work
suffered from lack of consideration of variation in background rate of translocations with age, and
that an insufficient number of cells were scored. Our proposed initial step is to convene a small
working group of experts from three countries to examine these results in detail and to propose a
precisely defined case study to be conducted under highly controlled conditions. Such a case
study would include only individuals for whom there is some reasonably assured basis of dose
determination by other means. If the case study is successful, then the method would be more
broadly applied to solve other pressing problems.

Members of the U.S. side favor strongly that the biomarker work emphasize the FISH
technique. However, the Russian scientists have already done some work with other techniques.

Management Plan, Milestones, and Timeline

We believe that this information is adequately covered in the current protocol, which was
unavailable to the members of the SRG at the time of their meeting.


